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P HR FA (IE. 


The objwit of fchf^ ireatise is to proRont in a f*leai‘ and cdncis<& 
form infonhation RpecialJy usn^ful to practical engineers, designers, 
and others engaged in the construction of internal combustion 
engiji(‘s employed for antf)mohile. stationary! and "‘marine 
purposes 

It has been tin* endeavour of the author to treat exhaustively 
such* in\portant su])jects as carburettors, va})oriRerH, atomisers, 
and gas mixers, also the various foims f>f distrilmting valve 
mechanism, used in petrol and petrol -para tlin higlnspeed motors, 
gafi engines, and heavy-oil engines, in a much more thorougli 
manner than has been hitherto attempted. In so doing, the 
text and illusti-ations contained in the original edition of this 
work have been largely drawn upon. 

d'he attainment of tin* bigb-sjreed petrol motor to its present 
high degr*ee of perfection is admittedly due' to tire close attentioir 
which such details as carburettors, igniti«)ii apparatus, and valve 
action have received, rather than to any legislative action tend- 
ing to restrict the provisions of the original Locomotive Act. 

The continued development of internal combustion engines 
for large powers will also in all probability be infir^enced to a 
greater extent by the degree of perfection of the methods used * 
for vaporising the various grades of fuels obtainable, and to the 
■ extent to which the design and construction of distributing 
; Haechanisins for the admission and exhaust of the actuating 
Jiftuids are brought within the lines of practi(5al application, than 
any other factor. For the widest remaining ftelds of osefuL 
l|ftiSi|i yet awaiting the* further perfection of internal combustion • 
we must undoubtedly look to maritime propulsion,, an 
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ap^iCfttion for au oii anj^iiic poHBeRHPH ptjculiar advantageSj 
pwin^ to itf^nna^j‘proaehabl(i economy in .^ace and^'i^el; as for 
a like rdi^^on aenVl dependn tVn* ito very existence oti 

the j)erfectioii an*! intensivctdevelopnienf of tlu^ petir^irAoi'. 

KDWAKD P.U1M.ER. 


PliEKA(iR TO SKOONl) EDITlOiX. 

The author tenders liis grateful thanks for tlie very kind recep- 
tion accorded to the first edition of this book. This second 
edition would have been issued long ago but for manifold delays 
owing to the War. The developments of the subjeet since the 
work was first written have b(‘en so great that it has been found 
necessary to re-write the entire work, and the publishers have 
met this need by resetting throughout and prejiaring iiiimerous 
fresh cuts, so that the present issin* is jmictically a ne^w book. 

Special attention is called to the tendency towards extreme 
diversity ratlnu’ than unity in modern carburettor design, to 
the great number of different forms of paraffin \'aporiBer8 and 
atomising methods for the heavier residual oils: also to the 
numerous forms of valvi's and distributing methods for admission 
and exhaust. The advantages and more favourable applications 
of the variously specialised designs are commented upon and 
their limitaticAis and defects pointed out, the purpose now being to 
deal more comprehensively Muth and bring into line with present 
practice such important (^ssiuitials as carburettors, vaporisers, ga| 
.mixers, atomising systems, and distributing mechanism used in' 
highispeed motors, paraffin, giis, and residual oil engines. 

January 1919 . ‘ ’ 
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CARliUliETTOES, -VAPOiilSEiiS, - AND 
DlSflilBUTlNE VALVES 

USED IN I^^TEENAL COMliUSTKJN liNGJN^o. 

CHAPTEK I. 

INTRODUCTORY REMARKS. 

PfiTROLELM, ill its crude condition, is a dark, pungent liquid, of 
wide distribution, and, owing to its comparative cheapness and 
/ease of transport, is peculiarly adapted for the economical genera- 
tion of power. The oil, in its natural state, lends itself to use 
ffor power purposes in three distinct ways- — 

(1) In specially constructed grates htted with steam or com- 
pressed-air atomisers for steam raising: (2) in slow -combustion 
or caloric engines ; (3) in explosion engines provided witlksuit- 
able vaporisers or atomisers. 

- The principal requirements are heating and efficient strain- 
ing to ensure the removal of all suspended matter, wdiich other- 
wise. would be liable to choke the pipes and clog the feed 
mechanistn. Owing, however, to the intense heat necessary for 
perfect, combustion, the natural unrefined oil does not lend itself 
use in small high-speed engines, such as th«se used for 
;^tomobile8 and motor cycles, for aero craft, launches, yachta, 
for the vast number of stationary industrial engines of 
power. • ' ' . 

order to obtain a suitable and safe oil foi^ burning » in; 

E iittating lamps for domestic purposes, the natural crude oi} 
^cted.to a course of distillation, the first distillates eonnn|fj, 
the still being the benzene series, comprising i^l 



jni^e,, vblai^ie cojistiiueuts, known variously, according to 
irfdgree- of refindine^it, as gasoline, beniJine,^ benzpli^^e, miners 
naphthif, .mineral sf iri^^, mot?lr spirit, and petrol. All these fiatd 
ipy flashing pokits, and require -no heat preparation to render a 
* mixture of the vapour and air explosive. In conse^tfence, special 
regulations are in' force in most countries for their storage, dis- 
tribution, and'.transport. The '>t^eight of the mineral spirit* 
<, senes averages sliglitly less than three-fourths that of water, 
the range being from ‘660 to *750 specific gravity, biit by 
Tracijional distillation motor spirits can be produced having a 
sp. gr,, of(.‘760 or even '7l5’0. A point to be taken into acjcount 
is that, owing to their high coefficients of expansion, reservoirs 
and tanks should never be filled to more than nine-tenths their 
full capacity, to allow for increase of volume of the licpiid, due 
to temperature variations in ordinary climates. 

The ready volatilisation of petroleum spirit at low tempera- 
tures makes^ it specially suitable for use in small high-speed 
explosion engines, such as are so very extensively used for road- 
motor traffic, and other purposes mentioned {ibove. None of the 
series requires any preliminary heating for use in tlie smallest 
engine, and can be readily volatilised by the simplest and crudest 
form of carburettor or atomiser, the esscuitial requirement being 
an apparatus capable of supplying a pcrjWily adjuMcd mixtun 
of Spitit vapour, or atomised spray and air, to the motor cylinder 
; wadar all ro'rbdiiion^s o f load and speed. 

The application of tlie volatile 2 )roducts obtained from hydro- 
ca^'bohs in their crude form, such as petroleum spirit, benzol 
■alcohol, etc., for the production of motive power in explosior 
, engines, is justified by the peculiar amenability and powerftf 
^opertiCG of tliese combustibles, such advantages otf-setfcin^ 
'alTthe precautions necessarily required in handling a fuel at 
volatile as b' be capable of forming an explosive mixture wi^ 
, air without heat or preparation of any kind. Fuels posses^hi 
. fiUch explosive properties are thus particularly valuable 
ating high-speed road -car, cycle, and aero motors, wheri^.Aijf|j 

t'* The “beWne” series of aromatic hydrocarbons are alws^i 
' cliemical works with an “e.” The “benzine’’ here alluded to is an 
trade prodif..t, always .spelt with an “ i.” ’ 

’ . \ Although classified as a spirit, the higher grades of petro^u^^ 

yoljitile, are chemically “oils,” and will not combine with water. . 
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duty and capacity for perfect combn^io^ js fL 
\^Uba non. • • ^ ^ . V • 

' Besides this property of extreifie mfl|un(Rm1)iIity, mujeral; 
‘ispirits^oonstitutin^ the several brands of petrol,^ as 
alcohol, are^^s has been stated, much more expansive tfian*, 
' heavy oil or water, the volume increasing* 0'0009 foj , every , 
degree Fahr. increase in temperature; thus 10 gallons of petrol 
will expand to 8‘i joints with an increase of temperature frorat,' 
. say, SO'" Fahr. to 75”, and it is needless to add that a tank, if' 

- quite filled, willibc liable to hurst with a much smaller incr^SC 
of temperature than this, unless a ventilating outkt b« pi^vided/' 
In this connection it must be remembered that petrol, on efeeftp*. 
ing, will evaporate and mix wdth the surrounding air at *any 
temperature, be it ever so cold; and the vapour being heavier 
than air, will accumulate, unless disturbed, at the floQr level, 
with the conse(pienee that, although not discernible to a person 
standing in the room, it may yet be ignited by a lighted match^ 
thrown down. ' 


The valu(‘ of mineral and vegetable spirit has long beeU'^ 
recognised for use in comparatively small explosion engine^ 
more especially in Europe and America; in the one case owing' 
I to the greater scarcity of coal, and in the other to the quantity 
of spirit (gasolim*) available from the numerous refineric^^j 
Indeed, mineral spirit lends itself so readily for either supplying 
carburetted air or spray direct to the motor cylinder that, in/ 

, spite of tiie necessary precautions for storage, to prejudice, and- 
,to the expense incurred in its conveyance to the user, engines , 
* Worked by benzoline, benzine, gasoline, and other brands of , 
petroleum spirit had already become very widely adopted befppe 
the introduction of the automobile. The method of forming in; 
-^plosive mixture at this time consisted invariably of a 
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^ t • . ' 

♦ C, ’ ‘ 

cottaining ^ sponge, which functioned like a spun mop. Th^ 
vapour whirlecf qut mixed with air ^ drawn 6hiK)ugh the 
carburetW ichambav, f.nd was thus supplied together with a 
supplementary diluent . to 4he engine. In anotlier apparatus; 
*air, in being circulated across “trays” kept wet by (he injection 
of a spi’ay of apiriV by a pump, became supersaturated ; to thia 
was then added. a further supply 6f air before adipission to the 
caiotor, any excess of spirit draining into p tank below'. The 
benzine or gasoline motor in other respects was not dissimilar 
"to the ordinary gas-engine. Various other methods have been 
used ifi turn.r including atmost every conceivable means for 
bringing air into surface contact with either the spirit itself 
or ’^rith saturated wicks, gauze, or other material, and wdll be 
described later under the heading, of “Surface Carburettors,” 
The distinguishing feature of carburetting appai'atus of this 
type was their immense bulk; one in particular, known as the 
Simplex, and supplied by a well-known firiii at Rouen, being 
fitted up as a sort of w'ashing machine for the purpose of 
deodorising the spirit before passing it on to the carburetting 
dhamber used in connection with an ordinary gas ejigine. 

The next stage in the practice of running stationary engines 
with spirit was the injection at each stroke of a charge in its 
liquid form by a small pump. This chajge was delivered direct 
into a chamber surrounding the admission valve of the cylinder, 
and probably the first suc^cessful injector of this kind was used 
in the Spiel engine, with wdiich the author was associated in 
1886. This engine, described later under “ Pump Carburettors,” 
was complicated by a slide ignititm valve and methylated spirit 
burner. However, when properly made it showed a distinct 
advance iw efficiency over all carburetted air engines, including 
even the Elnwe, with compressed-air atomiser. The principal 
difficulty expmenced in getting this engine to keep up to 
work, however, was the correct adjustment of the cam-actuated 
spirit pum]), in spite of this being fed by an over-cylindei^tank^'' 
in which the level could be corrected by an air tube extending-'’ 
to the bottoffi, the top of the tank (for this purpose) being-’ 
sealed.' In this maimer the rate of flow to the pump could .1^4 
made practically the same for different levels of the^ 

As an additional precaution the pump was provided 



tNTKl>UyOTU»Y KKMAttltS. 


ra©chai;fically actuatei^ inlet and outtet* valves held i«p to-tlfelr 
seats by springs; aimypos^io which, 1 is ifptfiVoTthji 

' that an alrnost idcmtical^lari to this ha# sifice b^e» wiSopted in , 
‘an eajdyJ’orin of inje(;tioii pump fdr the Diesel high-compyes^^ 
sion engine. •However, dcvspite elaborate strainers, dirt would* 
occasionally get on ilie valves, and no adjustment of tlje.pump, 
would its effect, on* the engine. In-* tjie Charterifl 

gasoline engine, 1)f, which the writer has similarly had ‘sora# 
expei-ienoe, a pump was also used ; but in this case, as in many 
modern oil eiigilieB, the pump supplied the gasoline charges in 
excess, tlie “ injection ” into the carbflretting or irrtxin^ ebamber 
immtuliately over the admission valve of the cylinder being 
controlled hy a separate valve. • This engine, as in the afore- 
mentioned, was governed on the “hit-or-miss” method, excess 
spirit being returned to the tank by the action of the governor 
on thf‘ cut-out strokes. 

lluided by the experience gained in the working of mineral- 
spirit engines of various types, the author designed the induc^ 
tion-jd (tfom carburettor illustrated under this heading, 
the action of which was corrected by a rtoat-controlled feed 
cistSfij in \vhi(!li the spirit was maintained at constant l&vel, 

' this being the'^rst instance of tlie application of this principle 
to a jet carburettor. In order to obtain a uniform mixture 
, at varying speeds of the motor pi.ston, this carburettor ijwhiOn 
worked ,011 the iuspirative principle) was provided with an 
automatic compensator, by which means excessive suction on 
the petrol feed was automatically compensated for at high, 
speeds, and the engine permitted n wide range of speed undfer: 
the control of the mixture throttle. In tins connection it tft 
well to bear in mind that a column of petrol (0-75 sp.*gr.) 40 in, 
high is equal to 1 lb. p^r aq. in. ; that a column ?31 in. high' 
equals 1 oz. per acj. in.; that a depression of 0*2f^ lb. per sq. iii,, 
is equal to a column of petrol 9*25 in. high; that the usual 
in modern carburettors seldom exceeds 6 
bf this kind have been fitted by the authol^^Mj 
gas, paraffin, and serni-retined oil engines of Wious iyj^' 
^l^^ging from high-spee^ motors with small cylinders ^nly 
up to engines with a 18-in. cylinder; the 
having been made in connectipn with «a 
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a.ifi:<>trioT3ile*constructed in 1887, and provided with two dotiljl^* 
' iftcting pi(^or cylinders. 

The Voiof the oils \;nown as, benzine was at this tim^ 
V, "^probably more <!oininon oif the Continent than in tl^s fiotintry 
*or America, two Continental inventors having*^ adapted the 
bemsin^ motor to the automobile. In which connection Benz 
, tu^ed his attention the prop^^hlsion of a rf)ac\ carriage and 
''<J}ainller to river Ixiats. the latter motor, being subse(|uently 
improved in its application to road carriages in Fiance by the 
well-known firm 0 / coach builders, Banhaid iV ‘^Lcvassoi*. Both 
the inrttofS referred to wofked with a sui'face caT bureitor con- 
structed in each instance very closely on th<^ lines of the ex- 
amples illustrated in figs. 1 and 2 ; a carburettor designed on 
similar lines was shown in 1885 at the Inventifms Exhibition, 
South Kensington, by the writer. In carhiirettors of tins kind 
the air is made to bubble up through, or circulate (‘losely over, 
the surface of the spirit, contained either in a cai-buretting 
chamber supplied fi’oin tinui to time from a reservoir, or, as in 
the illustration, where the air is drawn into a rose diffuser 
constructed to float on the surface of the spirit, bv which means 
the resistance to the passage of the air through the spirit can 
be maintained constant, tVie degree of caiburction Indtig con- 
trolled by a supplementary air supply ae<*ording to the ret|uire- 
, meats of the motor. Tin; objection i,o surface carliurettors 
'generally is the difficulty of obtaining correct mixtures at 
.. varying speeds and temperatures, their action being influenced 
by the density of the spirit used, to temperature, and by the 
^ |X)ad surface, and in no case can they he constructed to work 
. ^jth any degree of constancy under the many and varying 
conditions* associated with the running of an automobile, and 
Idiey would be impmcticable in an aero motor, owing to loweringf 
tofnperature a^id varying inclinations. 

Although th('. float-fe(^d spray carburettor with automatic 
^ regulation was in use by the writer as far back as I 88 . 74 J 

principle was not adopted to any extent ^in connectip^ 
kntomobiles until quite twelve years later. Its 
fiibw, bowe'\^er, universal in all petrol motors, whether fpr- bc^^! 

or road-car propulsion, the float carburettor ^ 
weed Jet " iind automatically variable action being now '^1^1 
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for the smallefst cycle m'otor, tjie ^forn:^ oif^noctt;, witu? 
direct feed tind central spray jet, followii^^ ^ither.the May-- 
bach model introduced ^in 1893, d? witfc % hm^e^ai^sed 
the wnite^ • • ^ ^ / 

In tracing the development of the carburettor as used* 
in the modern automobile, it would occup^^ more space.; 
can be spare J if all the various forms were to - be descrjfaied’ 
and illustrated, (^)ri^sidering the hundreds of makes of motoriir 
now in use, for one purpose and another, and recognising' that 
many makers introduce improvements and^ changes in design' 
from season to season, an ever-increasing nuinher iof ^hichr 
it is needless to add, are destined successively to becomi' 
obsolete as time goes on. Representative examples illustrat'"^ 
ing the various stages in the development of the carburettor,' 
including the iiuire important changes in design of surface, 
compresse(i'ajr,jet, force-pump jet, gravitation jet and inductiou 
jet atomiser carburettors, are first described, followed by a 
few descriptions of tii<‘. best-known induction jet carburettors, 
arranged with automatically adjusted mixture control, such 
as are now in more general use for high-speed motors of the 
automobile type. , 

Important as the petrol motor has become for the ^urpoSj^Si 
named, paraflln engines are none the less useful for a "number, 
of other purposes, and as this fuel is comparatively safe ftud;, 
much less costly, there has been much endeavour in 
application of the several flash-proof brands of the para^tt 
(kerosene) series to general industrial purposes, including < 
motor vans, lorries, motor ploughs, field and road tractOPfi>''' 
motor boats, etc.; while the heavier residual oils (kpolivn;* 
as fuel oil) and the intermediate distillates, such es 
solar oil — i.e. crude oil minus the lighter constituents, — 
b^en largely pressed into service for engines^ adapted' 
(Jbigher powers, as now increasingly employed for cargd bq^' 
"pf all sizes, submarines, electric-light and pumping inBtal|artidU^i 

t p, numerous developments in vaporisers and atbtnie»^‘ 
bott the paraffin and fuel-oil types of engines ^re 4^4.0^; 
illustrated at great length and in considerable 
tliere is the consideration of distributing valves, 
sp essential a feature in all four-stroke 'eugineiSj* I®®; 
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deciding' \a/;tor in jill two-stroke engines having a piston 
controlled exli^ust. These also have Been rnusi vxtenaivelj 
dealt W^h.^and illpst^'ate ttie many diijiciilties experienced ii 
the keen am*! ^persistent* endeavour io improve on the cam 
actuated clack, wliieh contiTiues, despite tlje cunsWerable enter 
prise evinced-dii t]<e development and inliodiiction of irnprovec 
methodKS, to he. the geiKTally a(‘ce|tted and universal pi-actice. 




CHAPTER 11. 

SURFACE, PUMP INJECTION. MD S*NIFT-FBE» CAR- 
BURETTORS USED FOR BENZOLINE, PETROL, AND 
ALCOHOL MOTORS. 

Surface Carburettors. — /. -The usual meiliod^ at first 
adopted in surfafM' farhurettors was to supply, by juearia of a 
bye-pass io the niaiu air-iriduetion pipe of the motor, a pro- 
])orUou nf vapour and air, o-cjici-ated from a. earburettin^ tank 
01 reserv()ii' A(‘tln‘4' on tliis principle, various expedients have 
been used in tni-n for carburettin^ (Ih‘ air; sucli a.s pumping 
or bu-eing :ur throiii»'li and over tin; surface of the ]i((uid, a| 
adopb'd jn the early Penz, Daimler, 1 )e Dion, and other auto- 
mobile motors (se(‘ ligs I and 2 ). C-arburetion by saturated 
cotton and win* gauze wicks has also l)een tided by many 
pioneers, and vaiious forms of nu'chaiiically actuated atirrei’S 
and agitatoi's used. One early device employed by Lenoir 
consist (>d of a tine wire cage containing an absorbent supplied 
witb mimnal sjiirit, and arranged to revolve at a high speed 
in a carbuietting eharnbt'r. tlie vapour thus di'iven otf acquired 
a vortex motion, and wa.s eitiier separately mixed, wor allowed 
to mix with air drawn through the carburetting iarik. Others 
of this class were tlie D^dahaye, Laniaudit're,^ Aster, Philips 
Lufbery. cte. 

An attempt was made b)^ Treoton to remove the objection- 
able feature rfissociatc'd with all surfaee carburettors (viz, the 
tendency for the ligliter constituents of the fu(# to evaporate 
in advance, thus ]<*aviiig a residuum). He used a shallow 
earlw] retting chamber "*111 whicb mineral spirit was* maintained 
at just sufHcicnt depth to cover a series of immersed perforated 
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pip6», throu^fk which air was drawn by the action of the motor 
piston, sufficient b(jiug imparted to t^ie undertside of the 
carburett^i to cuinp«nis»vte foi- loss caused by evaporation ; this 
^was^ patented (8^)84) in 1685. In tlie year pi'evioujf U) this 
the author applied for a patent (18541) on some^r/hat similar 



lines, in connection with a d<jsign for a motor tri-car vliich he 
exhibited at the 1884 Stanley Show, and in the following year 
at the Inventions Exhibition (South Kensington). • 

A^Otlier attempt in the same direction was made by the 
author three^ years later to remedy this fault, in a simple form of 
domestic motor run on benzoline, by using a carburettor conSiht^ 
"ing of two chambers, one over the other, the dividing partition ‘ 
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plate between them Joeing utilised to carry, a series of tubes 
extending down to witliin a quarter of j^n ijich o«* so of the 
bottom of the lower chamber; in tluvs# t^bes W('re^nserted a 
8eries*of*wicks, the upper ends of Which were*]udd up by ^lipta 
in the carbin'ettiug chamber above. The wicks thus dipped 
to the bottom of the spirit in the lower clialiiber and were oAly 
exposed at tJieir lower ends, 3fet, despite ];ho })reG?iution of sealing 
the space over ttu^liquid from the carburettiiig cfiamber ‘abov#, 
the quality of iho spirit gra<lually det(U“iorated during the 
^,orking of tift* motor until a ,stag(‘ wag reached when the 
resjduiim had to be emptied out * • • ^ 

During the period dating from 187() onwards, until the 
drawbacks of surfaca^ carburetion were more generally realised, 
several attemjjts bad Ixarn made to form a eomhustiblo mixture 
from volatile inllammable liquids such as turpentine, .benzene, - 
benzole, benzine, gasoline, etc., for use in gas engines or for 
lighting purposes, in which connection should be mentioned 
3uch pionef'rs as Uadt, Benz, Boulton, Butler, (derk, Daimler, 
Doboutvill(\ tkev(v Gnrdie, Haiaison, Hearson, Keith, Lam- 
brigo, Mu’icktc'ii, Nash, Riotte, Roots. Sack, Samuel, Stuart, 
rreeloii, Turtd>ull Wordsworth, Wright, etc. There were also 
Tiany invenlions iji connection with apparatus for generating 
iarburetted ait (known as air gas) lor ligliting purposes, in 
vhich air is Intimately mixed with petrol, }>enzine, csscTtoc de 
)Urolc, or gasoline, in delinib' proportion, and being thus ‘'fully 
taturated and consc(]uently iiK'Xplosive, can be piped to house 
Rirners and used for lighting and heating with safety. 

For the reasons stated, surface carburettors have long since 
)Cen superseded by various jtdaptations of a form of inspirat/or 
irst mtrodu(!ed by th(‘ writer in 1887 (1551)8) on liitl motor tri- 
jar, and in an improva^d form two years later (b20-‘l^ in combina^ 
ion with an auxiliary cist<*ra iy which tluj benzoline as used 
iien was mnintained at constant level by a float-controlled 
upply valve for stationary ami marim^ purposes. The last, 
urviving sufface cuj’burettor was the Lamdiester, this, which . 
yao adapted especially for automobile motors, Con.sisted .of a 
hallow chamber contjaiyiiig a series of wicks, iig which the. 
>etrbl supply was maintained at a constant level by a float-coil-* 
rolled valve, and the carbur(jtted air generated by aspiration 
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miAedwith^a wial)lo supplementary 8upj)ly before passing on 
to the s^eed thrc^tlc of the motor. • •• 

One 5^tbe mo.st rf,K)ifil))e surfaee (‘aH)nrettor.s was that used 
on ^the na-imleV •belt-di-iv(‘fc benzine motor cars brojj^glj^ over 
^ere during the first few year.s aftm' tlu* Ib'peal of Hu' Higliways 
Locomotive Act Tn this, shown in tig i, it will be seen 

that ber?zine was l un into a .small Vylindrical (astern eontaining 
% float-austaiiled perforated cone which carryatan aii- inh^t tube 
extending up within .s sec.ond tub(\ forming ])art of a divided 
air and vapour chamber arranged over the Ixuiziife cist ern below. 
The lo^rer^eom^iai-tment of f.his cistern was connected by a pipe 
to a mixing plug and thimce 
to the motor, as. shown. Air 
slightly warmed, t.o compcjusate 
lor loss of tempeiatur<‘ in 
e\a|K)ration, entej'ed by the 
[)ipe,, marked “ hot air, ’’ and was 
drawn (b^wn the snspi'iicb'd tube, 
wlienee it issmsl by a s(‘ri('-s of 
boles Ixdow tbe level of tbe 
/jfpiid. and in thu.s j-ising to the 
surface in a sta-t'am of bubbles, 
carriecl up va])our in suspension; 

I'lO, 2.-b« ‘-I'if' licl'ly eliais;c(! iiii\tniv waH 

then diluted hy a. suyipleiiu'ntary 
supply of air, varying in proportion according to Lmiperature, 
speed, and other factors, hefoi-e pa.ssing on to the motor throttle. 
Fig. 2 is another example adajilisl more especially for small 
motors; this was desIgiK'd to lit lietween the tubular frame 
stays of De* Dion motor tricycles, of which there were a, great 
number in me during the yi^ars lS05-i!)05. Into this ohloid 
chandler petroi was fed at int^uwals from a cylindrical tank to 
maintain the petrol snpyily at about the. level indicated. Air 
drawn down tin* tube carrying the float, F, was deilec^tcM] by the 
plat-e, L, over the surface of the “ es.seiiee ” ; the resftlting air gas • 
was flmn dra#n off through tlie double-plug throttle, (f, (i\ by 
the pipe, V, to the motor, one end of the tJnotile serving to 
control the air gas and thti other a supjdy of 8upj)lemontary*air, 
each being separately eonni'cted up to the front of the tricycle, 
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by a rod and level. Hinall tube, A,.iH provided' maintain 
the “essenct^’' at the r<“quired teiuperatiire, yi Isabel unconnected 
up to the exhaust. As would he su[)p#^ei(, this liorili of car- 
buretter )|^a.s very xariahh' in fiction* and retjUft’ed some exp^ri-, 
ence and skilito manipulat<‘ the. controls to thi' best .advantage,* 
being subjee.t alikt* to the elleets of roful surfftci', speed, tempeiV 
ture, (jU.ality^ and h’me of rd'iievvfil of Ui(“ fuel. 'charge. Apart 
from these dra\\4),a^‘ks it was siin])le. find with care and’som# 
skill Hui'prisiiigly woj-kable, jwovided th(‘ motor s[)irit obtainable 
registeri'd a derftity not lower thfui 7(Kt an^l that the residuum 
was di'awn off find the Hn[>piy r(‘fiewed befor<i» stfirti]^^ cold 
aftm* fi run 

Compressed-Air Atomiser Carburettors. --(Vf/.svs A --Spray- 
ing by edinpi ess''d air is a mueh mon‘ seieniilic metlmd, but 
unadaptabh' for small motors owing to the comdderable 
mechanism in\oived, fis will be seen by refereiiee to the example 
shown in (diapter V., whei-e it is shown fidapUal as a paraffin 
vajioris.'r for ;i stationary engine. Jn its simplest form, as first 
introduce<l by Itthve, the pioneer’ of this system, in 1881, there 
is an air [mmp, a pressure fuel tank, a spi-aying uu/./Ae, and a 
volati'ising (diandx'r i-ecpriied , but fis bins lends itself to supply- 
ing multijile-eylinder engines, the eompliefit ion so obvious with 
a single cylinder is thus pi-o])orbionat(dy reduced. The fault, 
howove-^, fis fi peiiol carburettor is in Irnrig too perfe(*t— it does 
more than neei'ssary. ;dso the volatilising chamber is between 
tliC air and fuel-eonlro] valvi's, eonsequently the speed of the 
ejigine is not so instantl}' umhw control as when fitted with a 
carburettoi having the mixture throttle on the motor side of 
the vajjoriser. But its grcfitest drawback is its cost, and for this 
T*eason alone it would in any ca,.se hfivc falhm into disuse with 
the perfecting of the “imim*tion carhurettor ’ for all motors run 
on petrol or paraffin, although in th«‘ atomisfitaon of heavy 
residuum oils, as used in large-jiower injf'ction engines, the Use 
of a compressed-air blast at very Iiigh pressur'e has been found ; 
to have a eonf^iensating advantage. ' 

Fuel-Pump Atomiser Carburettors.— fYcrav A:— The ‘direct 
injection of the fuel in the form of a spray has many^ advantages ' 
in idJrge-power engines, but ba.. mmiiy disadvantages in small 
high-speed engines, and for petrol has no compensating factor , 
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wlitttever. ^Wvlh an ordijiary pump plunder the action is never 
precise, ami is alV^ays leaky. These faults were firsi'- i^alised by 
Spiel, whsi, QorumerKilnj^ in I <^81 with a drip feed to tlie air inlet 
with benzine, tfieti tried a (%j,in and Hpnn^-plun^(;r spni^v injector, 
-bn t soon discarded this owin^ to the nneertaint^^of the pump 
valves, this beine part-ly due to the low (k'nsity of the fuel and 
partly tb the necessity for supplyil'i^ the fuel to tie* inlt't t)f tlie 
^um.p at a cohstaut le\el. This pioneer then ».do]jted a plunger 

pump with meehanieally 
e,oniro]le<l ijuetifui and de- 
livery vah'»'S,botli of which, 
k, k', lig. 8, were actuated 
by a spring li'ver and stem, 
V, rr(.)m a cam ]e\ or pin, N, 
again.st the pies.sure of a 
stiff s]u-ing in the dedivery 
chamlKu-, h\ In action, 
wlien the pin, X, was 
})ies.sed down, as on the 
admission stroke of the 
engine, the suction valve, 
\\ would be (dosed firmly 
against its stait, and the 
(hdivery valve, l^k opened 
by the rod, V, the contents 
of the pump would then be 
sprayed against the incom- 
ing air at X, and be drawn 
togetlna- into the cylinder- 
down the ^lipe, H. Itow'ever, in engines fitted on this injection 
system difhe^ilty was found in maintaining tlie exact proportion 
of spirit rcijuired for a unilbrm etticiency at slightly varying 
speeds of the engine, or with varying levels in the supply 
cistern; also owing to unavoidable solids earrital in with the 
^fuel, to leakage, or to loss o4‘ motion to the pump* plunger. To. 
obts^in the best result, tht^ w-olume of li(|uid injection should be 
approximately 1 to 10,0()() of air, and a projiortioii of 1 to 9000 
not only results in 1 0 jier cent, higher (;onsumption, but reduces^ 
the power of the engine; also a considerable falling off in ihe 
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power is noticeable when the feed falls 15 to 20 percent, below 
the criti(iak rate of injectiorn necessary to ^obtain the best 
result, — much more, in fact, than ‘an}' ^lii in ecojioifiy due to 
the r%:]uccd rate of feed. 8o seiiBitive, in •fact, were t^ese^ 
engines, niat^fro(iuent readjustment was generally necessary to 
compensate for (otlier a varying level in tfte sujiply tank,*or 
for minute diflerences in tllfe operating iiH'cliflftjisin ; ?o much 
so, that it was tiie exeeption rather than the rule for an‘y tw# 
eiigiih's of e()uai size to be adjusted to run through a brake tost 
with uniform risults.' ^ 

^n the endeavour to improve on the cam-aekiat#d j^Iimger, 
many median ieaiiy operated measuring devices have been pro- 
jected, and in seviaa! instances applied, but with indifferent 
restilts. Obviously, the f^rnaller the cylinder and highw the 
speed the more difficult is this problem. Some of the alternative 
methods that liavi* not been tlu' success anticipated include: all 
forms of reia'ssed wheel valves, sliding displacer rods, syplions, 
cups, ( te. Leakage })ast the plunger gland may be prevented - 
by arranging foi* an overlay of glycerine, or castor oil, these 
two liquids not readily mixing wdth mineral spirit. Again, A 
diaphragm dis[>laeer, while being proof against leakage, must have 
valves, 'riien again, all such d('vices depend on perfectly con-* 
structed mcHtbaiiism am) viu-y careful and adaptable adjustments ; 
therefore foi* Ijigh-speod motors with cylinders in multiple they 
are peculiarly ill-a,(lapted The case is aggravated when required 
to be run automatically undta* speed control, when the feed of 
an injection plunger must be eiilier governed by (1) varying the 
stroke, (2) hy controlling the fuel injection after leaving the 
pump, 01 (*>) by ari’estiiig the action of the pump. Any of 
these methods an^ feasible, but involve multiplicity of parts; 
moreov(!j-, the inj(‘ctiou for each cylinder must be separately 
adju; ted. However, plung<'r injection carburetiyn is still used 
on many single-cylinder gasoline engines of American con^*' 
struction, and has actually becui tried on liigh-speed engines with 
, multiple cylisders, as in the Adams-Farwell motor with revolving-^ 
cylinders, and on some of the earlier motors used By the Brqthei^ 
Wright on tlieir ijioneer aeroplanes. What extreme nicen^adS f 

• . . ' * . * - 

This was in part due to the slide-llame -pocket- ignition valve used 
thejje engines. , V 
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exatited accoi'din^ to this method of carbure^-ion will be recognised 
on consi^lening that a -i-in. > 5-iii. cylinder will rcijuifv h plunger 
not larged hhaii Oiii'ioi di.ain. 0'2;Viu^ strolu*, For which the 
^range of siroki' tD produci' fi mixture \ .'irying I'tom I 11^)00 to 
5 in 12,000 is ()■()(] in. In the muleavonr to ada])t*.he plunger- 
injection principle a mixture throttle-coni i oiled engine, the 
author rfesigried'and p.iteiiU'd two ?orms(»f pulsaloi^eaf! tni eliors, 
I780 and I7sl (l.HSS), one of tlc'se, illn,sl.ra,b‘d"in (ig 1, was for 



— lUillt’r’s vtuiiiblc siiotc inductinieactu'ii j'Hiup < ,ii l uicl loi 
i(ii l)(/iizt)liii(^ vcilu'iil hvo cylltidci oDpnit — !SS^ 


a two-cyliiAler vertical 7-in x S-im (uigine, running normally at 
280 revs., bdt had an extreme range fiom 200 to 000 r.p.rn. 
The pulsator in this carburtdtor had a combined piston and 
hollow plunger, Ik the latter, 0:)75 in. diam., wau-ked in an 
immersed barrel with a foot- valve, Vb a second spiaying valve, 
Vb having a stem extending the full length of the htdlow' plunger 
serve/J ‘for the delivery. The rang(‘ of stroke was approximately 
0'12 in. to y -35 in., aecording to throttle opening, tension, and 
position of the regulator controlling the puls«diou of the pi^on. 
Air entered at A during the admission strokes of the engine, the 
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piston boinjjj dnivvii down by suction effect until ^the ports, B, 
registered i#i ratying (t^gree with eorrcspondnij port^s in the 
casing, tlio air iii its passage ihioiigl) th(,^pi^ton thijs >ifet the 
issuing ,if)riy’, find eontiniK'd as rnixtimi ria the^otitlet arm, M, 
to the tlu’ot.tle % 

Sojiin ycajs talia- a 
modihnd I'nnii pulsalia 
carburettor \\as ii»iod on 
a t\vo-cy]in(hy ear motoi 
(hg. '■')) and worktd as in 
the pi\ ceding exa.nj]ile by 
varying tlu' pt'trol injee 
tion b}" a iiollow plunger, 

R, actuated b\ tin* dneet 
action r>f tin air tlow ])a.st 
a disc, D, In this there 
were iieeuliai- (Vatnre.s, 
the mixture t-u the mot, or, 
for insianee, was con- 
trolled Ity the <‘oiid)iued 
action of a spring and 
hand regulatoi lever. S, 
connected to a cam, M, 
thus liniiimg the opiadng 
of the valve, V, wliieh was 
held in a Heating j/osition 
,bv .two spi'ings heJd by 
a clip extending innards 
from a sleeve siin-ounding 
the slanting slot, A. The 
plunger, H, of the barrel, P, drew direct fiom the tloa4 cistern, F. 
The dire -actuated plunger, 1), R, obtained its action partly by 
back How; a hbre butler, R, was thus jirovided to soften the action 
of the down or injection stroke. Tin' injection plunger is entirely 
independent of spring recoil, being drawn up by suction effect 
"to an extent varying as the throttling action of the«valve, M,and 
is forced down sliarply by momentum recoil of the air-flow. 

This principle of utilising r coil action is illiTstrated in 
another manner in the diaphragm-injection carburettor (fig,; 0). 



Kjo, f) — Ar^ylo varialilf'-Hiruko induction-aotion 
ciiibnicltur ibi two cylimh'r {K-lurl motor, 
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in this o^miijple a cowu^rated Ilexible ,diMc, F, takes the place 
of the plunger, aiid is Extremely simple and witiial capable to 
a certain <ixtent a# variable teetl in pu>portion to the tlii’attle 
o^nening. In ad, ion the slight suction ellhet dm-ing tde Admission 
stroke draws down th(‘ diaphragm, and with it dii' spiay nozzle 
'a^vayjrom the Riil-jminted feed regulatm , jn^tiol then llows in 
by a Lead feed at \\ when on th.‘ closing ot tlie U'lol, or admission 
j valve the back flow of the mixture, togethe.i witli the reaction of 

the <-orrugate(l disc, c.auses 
tliis to sprang back and force 
out a charge oj {(cti'ol past 
the n(>z/)e in juaipoi lion to 
the jailsating ellect of the 
mi.xture How , there is really 
no val\e i'e([uned pi'o\ided 
the i-egula(or is .adjusted to 
close the outlet ai^oe the 
nozzle Its action therefore, 
IS automatic, and with a 
nozzle apertuie to give the 
exact Ji't reijuired, has points 
ahead nj a piungei leed for ^ 
a. single- oi doulik'-cvliuder 
high speed motoi' working 
u 1 1 de r 1 1 1 r( itt 1 e <•< in ti^ > 1 . 'idie re 
is a dish below^ lh(‘ choke 
tube to collect drip, and this 
suggests the neial for an indexed stoj) val\e at P, moreover, the 
design does not lend itself to the ready removal of the jet nozzle, 
nor lor ?.ny feasihhi imdhod for regulating the ouillow as by 
a pin deliectur, so commonly used to \ary tlie fet'd of single-jet 
induction c/p’bui-ettors. ' ^ ' 

Gravitation-Feed Atomiser Carburettors.— (//ms'.s- /,. This 

method -when used in conjunction with a mechanically operated 
timing valve, and provided the engine is re.juiied to run at' a 
fairly constant speed — has given (juite satisfactory results; 
carburettors of this type are used in many small stationary 
and mai-ine engines, and extensively in gasoline motors df 
American construction, their cost of manufacture heinir poty»- 
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paratively low a)id action simple! Tliere^ arc# howeve!■ 
some objectiofis to tlndr application in cas^s where •aiisolut( 
automatic and self adaplyi- ^-urbiirction •is^lcHir^blc, ‘l^mch as 
liabiIity4o ilnodmir on sioppinir of thc*motoi arn^ incapacity f#i 
varjatioiiK of sj^-cd , morcM)V(‘r, carbmvttor.s of thin f.ypc do not 
generally spcaianu’, pos8c>.sH that nicety of adiusfment and control 
nermsan^lor a,,!.ioh-ela.ss bierh-speed peti<4 motor.* * 

d’lie INmninirtoiT ^n-im- was worked on a band -control fed 
^ia\itation feed. (Ira.vi- 

when provided with a 

a^mney of an air piston or ^ 

yalve-fji^.. lairly sati.s 

factory /■( suits in station a 

ary .oid mai'ine ^mt^ines, / \\ 

aaid can Ix' made to work * 

tolorabl j wadi on some JTXZS \\ 

3 I 0 W" -speed car motors. / o| / / \\- 

In these cas(‘s itx' carbui- 

3ttor i.s piovided with an ^ /I 

idjusUblo ,i,.trol r,.,.d and r.,. „„„„ettorw.th 

lir and mixture supply, ^"I' '1(11(11 conibmol mtchol and Throttle 
c'liitiol — (bihiDii Bnllio. 


. j . '• ' i 10(^1 canmieuor with 

lir and mixture supply, ^"I' H conibmed mtchol and Throttle 

jach fiein^r arra,n£red di- Bnlho. 

■ectly nndm- the control of an intcllii.(>nt driver. There have 
)een some dozens of modilied desi^-ns of ^,n’avitation-feed 
carburettors ol whieb tb(‘ four varieties illustrated bt figs. 7 
0 10 arc typie.al exam])l(‘,s. • 


OtlK'i- (-.aT-burett-oi's iiH-Indnd undec t.bi.s class iu-» Uie Aigle, 
Udersoii, Ans, Blake, ('onstantime Dalifol, I)e Sales, JOupuy, 
Indurancc, Simian, (i.-iiitibreAVelirle, drove, Hully, Iden’ 
ucheur, Kudrin. Lepape, Lucas, New, dldsrnoliile, Ponnino-- 
on, Roubcau, Star, Strciiiigor, ToiiramI, IJiiiun.’wVlvefiiie, 
tc. etc. All i)ic.se show ,.i maikcd .similarity, and sijrc nearly 
U provided widi an iiidnction or cam -operated feed, in com- 
■nation with hand-controlled petrol, air, and mixture valves. 
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Ot these iVhc Aris is the most suitabje for a variable speed 
motor^ ^ it is designed to regulate the air-flo\v with the 
injectioli Mnniltauroitsly. , 

t The (leserijfoioii of tlid Gobrou-Brillie eup-wh(‘cl ,f'cnwity-feed 
carburettor (lig. 7) is as follows: — This was designed for the use 
of methylated M,le,()hol, and for that purpose was provided with 
a suppleme.li buy pe^rol-basl cdmieetioii, T, oiu.tlu' eup-whecl 
easing, alcohol entering at L, after the ipotor had laui a few 
minutes to warm up. Air entered at A, and mixed with the 

s])irit in ^ throal , as shown ; 
the mixtaire then passed 
through a tlirot tie. X con- 
nected up HO to i)e 
synchronous control -IlSb-- 
the nu'chanism antualni'g 
the cujj wdii'cl. V. 'ITis was 
obtained thi’ough an iicei^i- 
trie, (', on tlu^ cam shaft, 
wliich actuated a rocker, M, 
carrying a tunibhir inertia 
action “ liit.-or miss gover- 
nor: thus the feed wheel, V' 
received an intermittent 
motion thiough a ratcliet 
disc and pawl connected to 
the tumbler govi'cnor on M. 
The Hpei'd could be held 
under control by the adjustment of a liand levci and quadrant, 
which simultaneously tightened or slackened a spring on the 
governof catch-block and opened, or closed, th(‘ tiirottle. 

The gravity-feed carburettor shown in tig. «S is one of, a 
number of variations of a class of snifting valve's in which the ’ 
opening of the air-admission valve by suction tdfect allows 
petrol to stream in with the air. In this case the petrol, to a 
certain extent, is fed in measured charges, bring first fed iO; ' 
an annulus formed by the valve stem, wbieh on being pull^ , 
down by suction etlect is brought to register with a segies't 
of holes, E, tiu! petrol thence mixing with air entering at A ' ! 
to the admission valve. C. This carburettor is not adapted 
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an automobile, nor an;^ motor working, under tiirotye contr<fl, 
being desigrj(fd for small stationarj^ pctroKinStors Jmving a 
“cut-out” govorning inec^ianisin ou tlie Oxl^aust-AaU'e’ lever. 
Tlie%gr^vit v snifting-feed carbui^ttoi shown in fig. 9 Jfi 


another vnruuiiof the same 
class di'signed for a high- 
"speed motor, hi^^, for n'usons 
pointed (»ut has, together 
with a iiuiii|h‘J‘ of others, 
fal’en into d(,su.s(*for auto- 
mobia* v\orl': wherewith 
automatic iK'tion is so d(‘- 
sirablc. in tins tlui petrol 
is fed b\ a tube, I', fiom 
an oveihetel tardv under 
control of UT! adjustable 
pin valve, wheiiei' the 
charge is fed into the 
mixing c, ham Ix'r on the ad- 
mission strob(' of the motoi 
by th'' downwaid inove- 
• ment of the hollow piston 
valve, V, carrying with it 
a stem normally closing 
the petrol inlet Aii- enters 
at A, also in controllable, 
quantity, thnnigli a shutter 
due below iiie jaston; the 
branch, X, hauls to the 
admission valve of tin; 
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cylinder, and K to tlie ex- 


haust. This carbiuoittor is not adapted for a gi'iiat range of 
speed control, and is only suitable for a single-, or at 
most a double-, cylindiw niot(;r uiidei- imimaliate hand coutral 
by the lndex»pointer regulator ; thus, as pointed out, the 
correct mixture can only be obtained by readjustment .for 
any variation of speed, yind is (]uibe imsuitable for^a road-car 
motor, although for a motor boat, where the speed is consi^nt 
aad the carburettor in full view^ fairly satisfactory running 
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itider coi-^^tions where automatic action i« not a de.sideratum, 
can be oJjtaincd. ^ , 

The gravity -f(^ed(. carburettor illu.strated in 1 il^. 10 was 
specially desi'i^nnid for automobile u.se -b/'. in connej;ti(^i with a 
^ moloi irovei^ned by a “ eut- 


' pt out" action on the mixture 

c. ' .siip])ly. liij. thin example, 

I ■ l l ^ petrol^ und(‘r a, Inaid sutfi- 

w.v,\ . ,-7,..? . cienl- to forei' it jiast a pin 

y ^ I I valve* enl*‘i’s at T. on the 

I i i— opening (d’ tie' feed valve 
at (he bottom of the s]>ray 
tl JS. >■ Jj hi'ini:; simul- 

taneoiiH with that, of the 
mixture val\’(' to the motor 
inhit [)ort. (\ as liy ilu' rod, 
F, and lockiw shown inter- 
I conm*eted. Tlie deorc'e of 

I- o]>eimiij^ of lie* yielrol valve 

^ in this in^tence could be 

of a sle(‘ve block iiaviii); • 

a slanting slot, also, the air supply could he varied ly an 
adjustable shutter, and in both eases fp»m tiic car scat; thus 
this carburettor fultilh'd th.e conditions reijuired in (h(' days 
when “cut-out" speed control with tube ignition was the vogue 
(1890-] hOO), provided they witc skilfully haiidleii 


Fio 10, --(UaviLy-at'lii'i) j«‘t c.u l>un*tfni wr 
air-coiitiollud IVi'd Idf^ii 
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AUTOMATIC AND HAND-CON'ftiOLLED ENDUOMON 
JET ATOMISER CARBURETTORS, WITH CONSTANT 
LEVEL FEED CISTERNS. 

COibs ■) As ]ji tiii‘ riisi' of ilio (litlanl tor pro^cctiii^ 

wakj into by iiiotneiitiiiii ellect (l(^ri\e<l from yteair 

(whicb ior imviiy years was oonsidored by locomotive oiiijjiiiedri 
^muerallv as mireliabh' and Py many as(juite unfcasibb'), so witl 
the inirodiietioii of load cars demaiidiiie a more perIVcied forn. 
of motor th- iiisj)iiativc princi])le of utilisiiiu' the induction 
oflect (t tlu^ aii-llow tii.sL intiodu(‘ed by the author in 1887 
•was not ^^aieiMlIy adopt, ed until some twelve 3 'ears later, when 
unfortuiijitely tor (he in\cntor, om* of Uk' most valuable of the 
improvt'nu'iils patented in this countrv, as well as in' foui 
European coimfeies and bi ylnierica, had be(m allowed to become 
public p)opm't\'. notwit.hstamline that the U S.A. fe«\s were 
paid up for the full term of seventeen yeais. the re^rulations 
then in torco in that country allow in;^ a patent to automatically 
terminate on the lapsing ol tlu* patent in the country applied 
from. Vlthop^di this io.ss at that time wa^ not con.^idered of 
very great imjiortance, later events proved it to Iftive a far- 
reachiiig elli^ct on the automobile industry, foi-, jiccc^rding to the 
decision on tiie famous “(Whurettor Patent (.W’ fought out 
in 1001 by tlu; Pritish iVIotor Traction (Vanpany Cf'r.sa^s the Auto- 
mobile i\lutua^ Ih’otectioiP Association, one of tlie author’s 
patents (0208, 1880), whieli had been allowaul to ftipse in. this 
and five other countries, w^as held on behalf of the M.P.A.' to 
anticipate a more recent' patent i iOOO, 1800) applied tor by the 
author, and then still in fc'rce, which w^as owmed, together with 
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i^ie Mayl^ach -patent (16072, 1893), by the M.T.C. In this 
connection It* is only right to state here thaf' t!ie author *s 
carburettor had biant already in use ,on marine and stationary 
epgines since AK89, referring to Avhich, Justice h^'-wrill, under 
whom tin- case was trmal, said “ In rliis case it has been proved 
that Butler will "work, and will work as vv<JI as, if jiot better, 
than any obiter"; also tha,t Mi-' S. F Ivljn-, in,a h-tter to the 
i AvAooar ol' March M, 11H)3, wrote Uia,t, •' -- It Is W(d1 that 
everyone should rmnemlx'r that, the lhii;lish Law(\)urts have 
held that the Universal Moat feed twjic, ol caUbm-eiUu —-without 
which nne-tenths of tin present day motor carriaues do not 
run — was invented ami patentisl by Edward Euilei, an bjiiglish- 
man." Tlui effect of this decision on tin* automobile industry 
up to 1903, the y<'ai- tin- "1889’’ ma.stei patent W(»uld have 
lapsed if fully ]>aid up, meant a ditierence of some £.00,000,- 
calculated on a 0 [ler cent, basis, on a, million pounds wortli of 
road and other motors estimated to hav*- been in use in this 
country up to tliat date. 190.3 In pn»of f)f (he |u acticability 
of the author’s carburettor, one, wa,s cons! rm-b'd to the <ixact 
design contained in Die 9203 (1889) speeilie,atioii, and rnn from 
70 to 100 mile,s on a, car by Mr W IJ. Astell, manager of the New 
Orleans Motor (nmpanv (on belialf of the M P..\ ), who had'' 
driven a car in the 1()(K) mih-s ti-jal,and hud v-on foui- pj-izes 
for driving. He said in evidt-nce Tliat he h.id tiied the butler 
carburettor, and coiisiih nul it was the best he liad semi on 
any car. ddiat frmn a. )u-af*tic,ul motor-ear driver’s jioint of 
view he did not think it mattered where- the exact, level of the 
liquid wa.s in the pijie, die vvdiole secret of th(! jiroblem was to 
keep the Inpnd always at om- constant level. 

This improved form of carburettor, which consists of a com- 
bination of atomiser nozzle supplied with petrol from a small 
cistern — where it is maintained at a constant level by a float- 
regulated feed, and tln-refrom projt-eted in the form of a fine 
spray into a mixing chamber In consonance with the pumping 
action of the motor })i.stoii, — lias surviviaj all other metliods and 
is now, in s^iiglitly and variously modified forms, in universal' 
use in all makes and types of petrol-spirit motors, whether for 
use on land, water, road-car, or for aero-craft motors. The 
reason for this is its simplicity, and, when properly and scien- 
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tiiically cod str acted, al», solute autoumtic action ewer a witle 

ran^e of spceTls, even und(‘r the very tryino^ e,onditi()ns»ol:^aining 
in a motor (^xposisl to (^lanjujinj^ levels, •vili'S, and jolts, as ex- 
periencOfl 411 e fast antojuohile resfdts so i rn possible .tO , 

obtain ))y any otljer ineajis Tliis is conclusively j)roved in * 
the next clia.j){(‘r * * 

d'he fjist :y)plic,a.tion of a earlmrottor ])ased 01 ! th() jet-induc- 
tion or ins})irati\ p^’inciple was made by the author on a. petrol*’ 
tri-car, made in SS, tlic liist inach* in tliis (‘ountry. This 
car h;ul two cyfindris 2 2o-ni. diam X o-in. jjtrokc, tin' ignition 
being by ,1 single high-tension s|tirk coil an^ dis- 

tributor, as now nni\(‘tsally used on all higli-tcnsion magnetos. 
From Iho author's <'\pcricnce with surfac<-, puinp-injoction, 
and dll]) fci'd carhun'tlois, none of which were adaptable 
to a moLor to ht' rim ,d. a varying s[)(‘ed— as each oS these 
methoils HMpiired considerable nursing under trifling changes 
in runniug conditions - an (Uitirely new method, as illustrated in 
tig. 11 had to be usihI. 'J’his instrmmmi, designed to work on 
th" inspirative princijh', was plaiasl in a. dust-proof 1)0X over a 
shallow cii ular cistein holding about a gaJlon of himzoline. 
This spraying device, known tlien as an inspirator, had a vena- 
Coiitraeta tlnoat noW’ known a,s the choke tube or ' venturis. 
Surrounding the neck nf this throat there was an annular 
space iiito wdiieh the fuel feed was drawn [laxt a hollow screw*" 
down valve having a close litiing line thread (40 per in.). To . 
equalise the induction etrect of tin* air-llow at varying speeds 
of the motor and thi’ottle o])ening a pulsator was litied in the 
throat of tin*, air nozzle liaving a free movement against the 
tension of an adjustable spring, as shown, by this means the 
feed V, as so aiitomatieally regulated in proportion “to the air 
afe to enahh* the motor to be cojitrollcd entirely bj'^thc, mixture 
throttle, witliin a raiigi; of s^ieeds from 200 (iOO r.p.iri., 
on the level, witliont any adjustment of the benzoline feed 
or the pulsator plug Jn practice, howevm*, it was found that 
a slight adjifstment was necessary to the feed from time to 
time with a falling level in the cistern (2 in. deep^, to mihimise 
I the effect of wliieh the inspirator was arranged to^draw from 
a well abojit ihriie times tlie de[)th of the cistern, thus reducing 
, the diderence in suction effect required and compensating for 




FiS. 11. — Induction-spray carbuicttor \s3th automane air control, as used ou the Butler petrol tu-car- — 18' 
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the effect of tilt; this ^Iso ensured the -ex cl usi chi of^ir to tl?e 
feed lube whf^n running witli the cistern nearly enipty^ The 
feed valve wjis projxa’tioi^pd to require ar#()j^'r»in<; of 0’006 in., 
ie., siJclvi.V>bi:iine(l by a ([uartcr tunf (ff tlu; sem-w-down valy), ^ 
the necessary yu iaiion, iiiort' or less titan this, lu'ver exceeding * 
fo*" : and to make ()j(‘ feed adjustment ((uite •deiinite in eithet 
directioti. any |la<‘k of the timely thr(‘ade(j screw Vas tafen up 
by n spring, Tin* ajr suj>pli('d to the carburettor* was dra^wn • 
down a serny of small lubes dipping in a batli of lubricating 
oil as sliown, ilfis being dom^ for the })uryose of excluding 
dust .Old boating matter Irum tlie (*yftndets, and aithofiglyjuite 
uniK'eessai-v in thisea.sf ihere is no <jm‘st ion about the advantage 
of an effective dust excimhu for automobiles wdien exposed to 
the abiasive artioii of dus(.\ roails. In pi-ot»f of the efficacy of 
an ap])hanee of this soit a modified application has bemi J4iopted 
in tin' Ford petiol-])aiaffin held tractor. 

Tile onl}' fault in the induetion-jet carburettor as made for 
the autlmr's 1 w'o-eylinder petrol tri-ear, wdien appli('d for engines 
required to ktaqi running under goverrn>r conl-rol for long 
periods, was the eilhet of varying ]<‘M*1 on tlie feed. This he 
remed''‘d in the earhina'ttm- sliowui in hg 12, twm years later, 
eby the addition of a small eisterii containiiig a hinged copper 
float, /', which on falling I'aised a check valve against a spring 
and the head [iressure of the li(|uid from tin* mam supply" tank, 
which may he situated in any convmiient position, as long as it 
is liigli enough to oveiconn* frieli-ai in t he service jilpe, />. It 
is important that the eheck valve should have a moderatedy stiff 
spring, sutfeieni to ensure its (dosing against any obstruction 
that may be caused by gi'it, fibre, or any floating matter coming 
over with the liquid . tlie valve, furtlnw, has a sharp '^Heat on to 
which it is essential that, it should he ground an e?fa('t fit. In 
fig. IL, the eoiistant-levi*] cistern, /!', is shown forwiing part of 
the base of a 7 in, ''H-in. three cylinder vertical benzoline engine 
made for a river boat. Warmed air is siqqdied by the pipe, a, 
which in llowirtg through the “venturi" or vena-coniracta nozzle, 
n, is accelerated to a vidocily of flOD to T2()0 fet'^ per scci^md. 
This high velocity causes a “ dejaxession,” varying according 
to throttle opening, from 1 to in. in tlie annuJus surround- 
ing the nozzle, due to induction (’is determined by a gauge) in 
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excess of that in tln^ chamln^r. The- spr^y feed ^s 

regulated l»y the serew regulator, /*, and is atomised by a central 
air jet; the stem of thej't^ed regulator <^it with very fine 
closeditiin^ thread (40 per in ) and |tl‘o\id('d \WtIi a graduated 
milled disc an(i])ointer to d('teiinin(' the e\aet oj[)ening required, 
which varies from one-l’ourth to one4hird*of a turn, Th% 
supply of air i^om a is eonti'olfed at varyyig degiA^es of throttle 
opening and speefls^of the mol-or by the pulsating^ air-plug, it, 1 
which move^j in the direction of the current, (as shown in dotted 
lines) for a dishttico proportionate to the varying speed of the 
motnr pistons and throtih* opening^ Thus by iiicrrsfising the 
air-way t-hrough the nozzk;, this aetion corrects ilie tendency 
to draw in too nineh spray at “fnll throttle. ” When the motor 
is roqniied to run “slowed down,” the spring, s, pulls the plug 
towards th * noz/Ie,thus causing the necessary inductive effect to 
maintain the mixture flow to tJie su|)j)ly iupe, c, at a sufficiently 
constanl, degree <»f e.aihuretion i(* permit of regular miming 
without mis-liri‘s for long periods, a.nd ensut('s instant accelera- 
tion on again opening wide the throttle No foot valve is 
required at tin' bottom of tlm siietion tub(‘, for the reason that 
the feed regulator, when closed, S(‘als tlm dnlivc'r}' end, and iu 
running the him bctwn;en thn eonieal (*nd of the valve and its 
seat, which is only O'OOOh in. in tliii'kness, has sufficient tension 
to prevent any falling of level in the suction tube, however 
slow tlie engine may lx running; momovn'r, this dim does not 
break or evaporate during a sliort stop, althougli in usual 
practice, to fa<hlitate re-starting, the fee<l rc'gulator is closed 
when stopping the migine. This sanu' form of carliurettor has 
been used in stationary, horizontal, and vertical engines varying 
:n size from ii Th-in, to an TS-in diam. eylinder,^ the same 
form of feed nsgnlator, pulsator, and mixing chain her being 
used in all. This design of carbun'ttor, moreover, lends itself 
for a double, or even a triple, IVed — i.r. for a petrol -started 
paraffin or gas-oil engine, wdlb water feed ; also for a combined 
.town-gas and* producer-gas engine, the town gas being used to : 
start on, or as an alternativt* fiK'l. 'Phis foiin of carburettor, has, 
further, been in many cases adapted to enable an engij^e to run on 
paraffin or town gas . also to “ si.art ” on jaTrol, and then either 
.*■ continue ” on producer gas or intermediate semi-refined oil. 
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fin^ines Htted arc interchangeable, nmiiing from gas 

to. oil, or vice rersif. 

In tig. 12a ilnti lAixing cliaml)cr ^was fontuMl (o cause the 
lUixture to ae(| lire a vof.;(‘x motion, thi.s iK'ing foipi(b:to work 
more elteciively tluin any arrangmneni of ridgea or Luttics, such 
as shown on the pulsator cone in tig. 12 Tlie reason for this 
can b(t explaiiied as lesiilting from the redmasi ohst ruction to 
mixture flow , the j)Lilsator was also cut down in si/e and weight 
to a simphi conoidal cone a form adojited in all sul)se(|iicnt 
carburettors for ])etrol, gas, or oil engines of th'. authors design. 



Krc. 12a.— I'litln ilo.il I'd milu' I ioimvii I'Ue lioi w ilh .uiif ju.il x m control, 
ninli in ISHS |,>i ;* iii, v .1 -lii, doinostK niotn) 

In this ap])hcation air was draavn at A diiiad , benzoline 
supplied at T, h^ a eojipei* tube 0 125 in. diain., was maintained 
at constant levi'l in a ( 0 ])per tloal at the end of a long arm, the 
hinged end being provided with a cam that im])inged against 
the stem guide of a che(‘k valve held up to its seat by a stiff 
spring. Tlie mix! lire was controlled by an ordinary throttle, K, 
and then passed on through the. conm‘ction, (L to a jacket 
chamber (2 i^. dee{>) around the cylinder. This motor could be 
run at any speed lietween BOO and J200 r.p.in., according to 
throttle opening. Onc.e adjusted, it was not necessaiy to alter 
either the feed regulator, K, or pulsator adjustment, M. 
The motor \^ould have worked with a from action if the float 
cistern had been arranged at one side and higher u}) to the level 
of the inlet, as naturally adopted wliere theie is a free choice; 
but in ibis case it was desirtnl to arrange both carburettor and 
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’ee(J cistern wiiliiit frame of the*motor. •'PhctiiidBCtidh 
effect of ik(' Venturi air noz/K* Jind annulay jet feed* is^iriucb 
greater t)ian produced a. centra) jet , ifid#ed, s('\’eral engines 
lave hc^kii ^iranocd to draw dirc'ct ffoni a lias^ tank in whiij^h 
/he level of tU' paraliln varies from in to 1S in bekw the 
nlet. to the feed regulator. * * 

A constant k'Vfd can he obtained in a h^*d cistefn consfructed 
in the hird-fount;fii^ jirincijile, ami has Ixaui so us*ed on some 
3araffin cngine.s and in a numher of luhricators. A constant 
eve' can also !)(• maintained 
in the Teed cistian by utilising 
die suction elPect of the air- 
ilow, as in a piiKator ]nnn}), 
ivith suction and deliveiy 
lUilves, a nmtliod used in au 
iarly foiui of the Olds car 
Diireitoi 

Thei'e is another metliod 
diat has been tried, known 
IS “Griiiln’s (bapliiagm feed. " 
riiis crtj«(ists of a eii'culai 
ihallow cistern ha\ ing a, cor- I’a.. i.'i Spmv m'lucnoii oiubmettor with 
’Ugated diaphragm tin* rise a 
)f which, b}' means of a 

ever coiineclion, opens a check valve controlling tlie feed 
TOL. an overhead sujiply tank, vvliich is again closed in the 
lame manner, wdien the liipiid running into the cistern attains 
i predoterniiiied level. The objection to this is the etlect of 
dbration and to the limited movmment due to small differences 
)f level and weight of the li(|uid in th<‘ cistern, thus r^juiring a 
rery tine adjustment and sensitive diaphragm. Another method 
8 the “ovedlow feed” (fig. 13). in this, jietrol is supplied from 
in overliead tank h^y tlie pipe, I*, to the feed cisb'rn, in which 
/here is an overflow pi^ie or w'eir connected to a ndurn pipe, W, 
eading either ki a sump from which the surplus feed is pumped 
jack again to the oveilicad tank, oi- the petrol may be pumped 
lirect from the main tank to the overflow constant-Ievel-feed 
astern as used in supplying petioi to many of the high-power 
I'^roplane motors, d'his is a method more suitable for large- 
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. * I 

|k>wer and marine engines ai^ran^ed to nui on either 

paraffin or seini-refined oil. « i 

From ex[)ericnr' *>aiiied hv mucli ^yial and crro]-, however, it 
}\as been conelK.'sively eslAlffisheti that tluM e is so tar yo .^jecessfid 
substitute to one or otlna- of the sewml foni^H of float -f(a*d 
fcisteiTis, 710W universally used in petrol a,nd pof jol-paralliji motors 
for all‘hut very (‘xecjdionaJ pnr[ios('s Tlmse eot;sist t'itla'r of (1 ) 
,a hiii^uid mVtal (loat, as illn.sti-ah'd m 12\ . fJ) a liin^ed 

cork lloat, as shmvn in titrs dl, do, Tl . (d) with a pin, in un- 
balanced oylindihcal iloat and under hM-d, as »dio\vn in (iy. 27; 
(4) vith a hilanced form* of cylindrical Hoaf , lia\ me llu' feed- 
valv’e (jn till' nnih'r side, as shown in ties It IS, 1'2 do, 2h, dO, 
32, drd, d4 , (5) with iloat arranee<l concentrically as shown in 
figs. 14, 2<S, 32, dh , or as ((>) with a simjiK' cylindrical direct- 
actiou, boat wdtli fei'ii-valve in the con'ct, a.s shown in figs 20, 30* 

In connection with I'ach ijf flic ^’I'veral mi'thods foi man’ntain- 
ing a constant h'\el, some form of single, double oi multiple 
jet atornisei is nsi'd, of wliich the most gi'iieial is a plain 
nozzle having anajieiture vaiwing frian 1 to 2 millum'tres in 
diameter, others are either aiinulai, or in effect annular, as 
when fitted with a- needle- valve regulator. In addition to the 
illustrated examples in ihis elia.pl ei- of the earlier forms of ,jct-* 
atomiser carhiirettoi-s having float-h'ed constant level cisterns 
(mostly fur automobile motoi's) may hi' mentioni'd others, such 
as the Abeille, Adi'r, llrooke, Butler, Call, Fhai-ly, (jottereu, 
Crouan, Daiiulei', Dorey, Dunlop, f>e I fietricli. De Dion-Bonton, 
Kldin, Espinessi', Fillet, (leorge-Uichard, (loutallier, flenatzy- 
Martini, Kreh, Lc Blon, Lorigiiemare, Maitha, Maybach, Mors, 
Napier, Ormonde, Fengeot, Fho'iiix, San.son, Sthenus, Yaurs, 
Wilkinsi5n, and others. It would servi' no usOul purpose, 
however, fo give illustrations of many of these, owing to their 
similarity tif construction to tlie examples of this class of 
carburettor illustrati'd. 

Perfect Carburetioii essential to wide range of Speed 
Oontrol.-— The \'<'ry jierfect speed control of som^ of the modern, 
petrol muitneylinder motors is olitained jiartlydiy a.ii adjustable' 
ignition i^nd a graduated throttle, hut is priucipally dependent^ 
on a self-adapting form of carburettor which will automatically 
and definitely curburete the air to form a mixture of an exactly' 
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predetermined decree nj^ider all conditions of temperature, loafl, 
and speed.* obtain this re.sult a constant level, must be 
maintained in the ,snj>ply|‘i.stern, which iif t^e ])(' Jiion engine 
(tig. It) is ij^nde to surround the atomiser jet so ,‘»-i*to be entirely 
independent of .the I'oad gra(Jient or camber. In this example 
the float IS finnnlar and siir- ^ • 

rounds the j(i and choke * * 

tube, and is of the* b^alanced » ^ 

t^’pe with under- feed jit I*. 

The clutke taibe •tbrms part ! 

of tin combined air and • I 1 

mixture regulator, It, which £)~t 

receives a part I'otary motion ^ ' 1 

from the ('cut, rol lever, thus w 

simultan. ou'-'ly adjusting the fl ' ^ 

air supply to the tlirottle I j|| ||| 

opening, no automatic valve I 

The degree of induced 

Ruciiou (‘ausfd by a vari- , . 

able llo V of the air supply 
•must l)e moditied by an f 

automatic air plug or its 
erpuvaleut, so as to adjust 
the sectional area of the 
air jiozzle in projiortion to ^ 

the current vi'iocity of ex- f 

plosive mixtui'e to the 
motor eyliudcr Thi.s can 

be ehfct d in a. variety of Fio. 14.— ■C<’nmil fn.Mi (;aU)nr('jt,or with 
ways, which will be rel erred 

to moT>, i»artieular]y in the next chapter. But .during the 
period TS))h-BJ0(;, or so, the most generally adopted method was 
the automatic siipplmnentary air valve , another, as described 
^bove (fig. 14)P was to simultaneously adjust the air to the 
mixture supply, still another, to adjust both air afid petrol to 
the mixture sup]jly by hand, as in the carbur(‘ttor illustrated 
in tig. If); or, as in man 3 ^ curbu.cttors now^ in use, an auto- 
matic ehcet is produced by means of a movable air plug, 


FiO. 14.— C<’nt,r;il fn 
aiiniiUr tii-al 


‘(.‘.1 oaibiiK'J tor with 
t - J )(' D^ii 

But .during the 
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HiJ(*h as Ajfii IT), thus corivctiii^- the ^ sectional area of air 
nozzle s(*! as to o])taiii tie' iK'cessary suction efii'cL on tlie pc'tro] 
jiiozzl(\ ( eusui*' X working niixtin'f^ at fast and slow Mj)ee(ls. 
t A uudliofl ’vei'v fre<nVently ('ni])lityt‘(l consists o‘' simple 
addition of a su}>[)leiii('niai‘y a.ir valve, this'\al\i' opiaiiii^ 
ayuiinst the i'esist.incr of a s])rinL; and adniitliny ail' to tlie 
carhureltor iisuall\ at a point ln'tueeii tlu- pi'^'rol nozzle and 
tlie tliroitle, as shown in liy;s l7,-l Jn tins manner (adinary 

non-automat 1 C carburettors 


can be rphte (‘asily converted 
to work wdth a fair ran^n* 
ol speed in the automatic 
maniK'i , provideil tia^ motor 
has b(‘en tumsl uji by the 
necessai'y ailjustment of tbe 
air supplies. val\e sjirin^^s, 
etc. Another foim <tf car- 
hurettoi working' on this 
ja-ineiple is lilustrat.ed by 
tiy. ( (). Jn this instance the. 
automatic air valvi' is behind 
the petrol nozzle the etlect 
tieiiiiT \,.|-y simiiat whether 
the extra ail at hiyh speeds 
is addrsl bid'ore or behind 
the petrol sprayin^^ nozzle. 
In this known as Jlrooke’s 
carbui'ettor, thm-e w^as an 
automatic s])eed piston throttle r<'jL,odator, P, normally held in 
position !)y a sprine resting ai^^ainst the plunder, H. On the 
motor tending to race the increased suction eftect drew dowm 
the rubhi r diaphi'agm, 1), and with it the piston, I’, thus closing 
the supply ports to a d(‘^ree dependintj^ on the speed of the 
motor and the adjustment (»f tlu' spec'd lover, : wdiile running 
slow'^ the air vaKe, \h remaimal eithei (juite ckised or open a 
vei-y little, tiie iiece.ssarw air beiiiii supplied at A. This method 
of novel'll iji<;. however', has not ])i’ovod thi' success anticipated, 
owing to the ditlieulty of providing a diaphragm combining 
suiiicient strength with Ilexibility. 
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AntoTna.iic r,;u'!)ureii*)rs in varitms forms, • fiom 

• • . # 

mon; and mon‘ ]) 0 [»nlar for tin* tourin<j;' oi icr arn^now 

considered a tcTrsMty, jiid^ini^ from ihg nuinfM'i' designs 

ill irse (Tnc* )f (Jic mos! (‘\C*ns] V('ly ado[>tt'd met hods was to 
\'JHiy the a]i' rcsistane(‘ in om- v\a,' or anotlici, iriie 'riiomycroft , 
and Ivov er a iiloni.itie cai laireKot’s dlnsliated in 17a»^d IS, 

ati'ordiny two ty j)i*-^d e\,(m|t!( s of tin's kimf, and, in I oi h cases, 
^\y \rr\ similar inean:^ In the iirst. of tln-st' llit' air noi'.zlc is 


■i • 



with aim.iudticaii siiiM.Iy duip1ini{/i(i- 

c-oii(i()]Iol iiiuiuic bi]|*|)ly lalv'is -IhtMao*/ 


seen 10 lie combined with a sij})j)Icmenlary snjijrly valvt' or 
piston whicli advaiw-d t,) a de^o-ee depcndiiiyr on the speed of 
the motof. fn the otiior also it will Ik' seen tlial, a vt-^-y nearly 
identical ('tfeel can be obtained by the m<.\ement of the per- 
fora,ted air nozzle, t\ to,i,retli(w with the piston, P, thus brin^dng 
the openings shown at the arrows into communication with 
the interior of the ihioit.h^ valvie K, to a ^o-eater or less extent, 
accordinij- to the speed of the motor. The moveiiimt of the 
piston, P, IS auton.atically influenctMl by suction in the supply 
pipe, the moNcmerd, in this case carjie also controlled'by hand 
throu^di the rod, 1 ), while in th(‘ other the action is entirely 
automatic. 





AUTOMATIC ANU HAND- CONTROLLED CARBURETTORS? 37 


In tli(‘ Deasy aiitonuitic carburetlor . ihc inixtnre^'ould b# 
corrected by upward movLUJicnt ol a perioi’ated air nozzle 
formed .somewhat as in 20. 'Die petrof n^izzlc in#(}iat case 
was, litbal with a phi^ confiected U|ji so as to b^ 

adjusted liy ii.uid as retjuiied. this method was also adopted 
in'an i^ailiei foi m of the Uinks’ carbundtor (iTg. 19). In this® 
example the \ ;i4ve -coned ]iead,*(.b was provided with miiHtiple 



outlets wdiieh rei^iMi'red wdtli opeuiiios in the nozzle »nd pro- 
duc'd an edeet somewliat analogous to that obtain^id in the 
LonjL^uemare carb' rc'ttor (fi^^ 20), only with the diiri^ivnce that 
the adjustment (‘ould b<' made automatic. The dei^ree of suction 
on the piitrol nozzh' >vas e.orrected by the rise and fall of the 
air-nozzle piston, U, due to varying dt'jiiession ; the hiovement 
of tliis piston could also be hand-controlled through The stirrup, 
and lever, H. 

In the Longueinar'’, ndiich had" a consi^hu’able vo^ue both 
for cars and cycles, there was a nudtipie-jet effect produced 
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«')y ;i grooved v«‘(*du\‘i<l.(‘d \\ liudi I'Mit- list'll lor easy adjnHfc- 

liit'iit. Ill iliis cai Imrelitir 20) lln' exti’eviely (‘oiitracied 

iioc*,k’ui fdit' ahokt'' hjf')'* was also a r<'a.Liii<' and caused an unusual 
dc{)r('S^ion . 'ijs const , 1 uctioii was cxir<*nicl\ siinpK', Inavinij;' no 
automatic pai'ts t'xccfitniy tlc' lloal, wlncli Wjis oi flit' ilirt'ct- 
action covci'-fclvi vaiicly, with lon^ lapt'i pin \alv(', 1\ 



I'lc 130 — M uinjO*' ji I, (‘.II huK tloi Avitli (•i»]iil>iiK‘(i snj'pli'iiicnl.ir) airuiiil 
KilMlllc [ilui' lllKtttU' — L(illglU']ll.lU“ 

entered , at A. A, hotli heiny; (‘ontrollid hy a donhlc-pta-ted 
throttle, 'H, to t-ht' sujiply ]>ipt‘, (t 

Economy and Super'Carburetion. It is so easy to use more 
spirit than t'sscntial I’or tlu' powa'r dcvt'lopied in a pf'trtd motor, 
that the im])ortanet' of an aut()ma,ticall\ n'e'ulated carburettor 
-—OIK', tliat. will i;iv(' tin* cntic.al dctfct'c ot carhuri'tioii under all 
conditions spt't'd a, ml load -(‘annot he too well appri'ciated. 

As thert' is in ])etrol ('imines, for any eiven compn'ssion, a 
critical iinxi urx' which results in the highest explosivi' pressure, 
a vt'i-y litlle tleviation above' or below this dt'i^ri'e wall result in 
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a ^rroat('r pvopoi lionat(‘ diffcnaice p^wcr devolopKi for tlie 
(juaiitilvcoiisiWiR'd. ( )n<' may, witli somi' nirbureitorHjj-etiueTitly 
sapor-rarl)ur(‘t (‘ lli(‘ luixturo mo thni. a siuolty ovlianst ^vith'a Moot 
(]tq)osilion ill tin' iij^iji<<a**follo\vM, les^iltino <>ve^itiially in luis- 
!j.piiti()iiM and ;.;i<^'>ily nu-Maisod iiu^tlici.-ncy of yorkini^. 

'Pin- inotoiist inav ho lioanl to lilanio (ho (ju€li(.y oi tho poirc^ 
ho is usln^ or^at loast this oifon usi'd (o ho tho fa, Hi', l^nt tlio 
fault, tli('i) as novvais inoio ufion duo to tffo inisnuiiai^o'ini'ui of 
tho motor iiy inovporioncod adjustmont. ot tho oarlmiant. An 
('\a.otly irraihialt'*! mixturo 
witli aoouratoly 1 iinod oloo~ 
tiio ignition aro ossontial 
faoinrs in tlio workino of 
a s[oiii, iiiotoi’ and an* ol 
(jipial imjiortanoi to tar^o 
oa.s-Mpiit adiiiis,-,ion o\- 
haust >al\'os and woll- 
paokod, ])(‘ifootly l>a,lano("l, 
a-rid oilloiiaii l\ luhricalorl 
pis',' os. 

k Gohol Carburettors. 

- - i'fio ri marks > )n mineral 
spii'il oarhiirotion ma^r ^mti 
('ral,\ lie Ujipliod to ah'oliol 
H}aiii, f')!' nso iri potrol 
motors w ith tliis ditrorence 

that aliadiol is nioio exponsivo and h'ss ('tlicimit (fiavini^ a 
hoat vaJno approxiinah'ty as Tk is to 20), lint has an advantage 
over mnioral s[iiri(- in i.rojiieal countrios owing to there being 
fewer ri'Htriction: to transpoit. Some eonsidera.hlo eneoiirage- 
ment has hi en giMai to tlu' distillation of crude alcidiol (on the 
( loni.iiuMii ) from beet, potatoes, and grain to fostm- home agri- 
culture, and many surprising results havi' lus'ii ohtiiined in road 
cars propelled by alcoho' motors. In the tropica,! sugai'-growdng 
countries, Indij and S(>uth Amerioa, where alcohol can be chi'aply 
distilled, it may, b}’ possessing similar propertieti to mineral 
motor s]>irit. bocomi' a serious com pi 'ti tor to petrol and paraffin 
motors. In the Huccessful use oh alcohol .a higher (^impression 
in the cylinder is found necessary, which in turn would point to 



Fu! ‘.^1 Float, feed )i't < aibuicttur wjtlj dia- 
]ili)agm coiitndli'd sii|i|d<MiR‘i)taiy air and 
jtist'iii-nnxtuK' thiotlt'- Kodi. 
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tfiio adva]'ta<:;'L* of a coniparalively stroke'. Tlir (loLron- 
Brillie (l(>ub]i*-piHioii cii^bie, Avith a .sin^le-coiubuMtion cliaiiiber, 
favourt'd rliis s’iejv. •' Tlio best tesults arc obtained with ;i 
compression as lii^li as '20 lb per stjj in., and evep li;e;hei‘ can 
be used. „ 

* The carbiireth)]' used, wliethe'r it be a form of snifi/nje--diT[i 
feed o? constant -Icve]^ fee'd, should lie jacket<‘(l an exhaust or 
hot-water chambei- so that the comminutee^ spiiit s})ray may 
be thoroughly volatilised and incor])orated with the a.ii supply 
The temjieiature of the mixtuu' should not bevaised above 200° 
Fahiy ard to obtain tin* Lnost economical lesidts need not be 
hi^dier than 200 . but, for favility in stariin^^ a sep/o’ide feed 
of })('trol spirit should In; used for a minute oi so. 

In the use of benzole^ the remarks on (‘ompt essjou also 
apply, but to a less di'^ree, ami 00 lb. pm sij. in., as a^minat 
00 lb. foi petrol can be continuously usial on full load, witlaait 
any detonatin^^ ('Ih'ct, in a piopmly designed mobu' 

' 1)1)1 ini;il'lr I’leni oi 
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OARBURETTOLS CAPABLE OF AUTOMATICALLY •AD- 
JUSTING THE AIR AND PETROL SUPPLIES OVER 
A WIDE RANGE OF SPEED. 

In the iiudeiii iiuii'itu moioj a (iciiKiii'l has sprung up for a 
oi’ sjH'cd (‘(HihoJ.a.iid in oidci to ohlain tins u'.sult iiioi'o 
d(‘peiids on lilt' Itriiaviour of tln^ cat hurcttor than on any other 
part of the iiioloj. li the ))rtiol in its lujuid state, as used in 
all (‘rt rhui elloi - having a sprayiiii; nozzle, l‘ol]o\v(*d tJie same law 
as o'iiains in (lie How ol oases, no ditTieulty would he e\})erienced 
in * , riiiii; in an aniount of s})irit spiay in proportion to the air 

^ilpphc'd to the motor. In piactieo, liowever, owini^ to surface 
adlit..'- 'on (d' the li<|Uitl, and partly to its capillary tension — 
es[K“ei tlly wlien Jlowino h<‘( ween two surfacu'S, such as those 
foniiod hy a foi'd \al\e in its seat or even liy the very small 
a])eriur(‘S con; 'itut-ino the oidinaiy sprayino- nozzle, — the liquid 
petrol has a tendmicy to dia<jj and clini>; to the metal surface of the 
nozzle. A cmnparatiN 'nv lari;e nozzle, area has therefore to be 
used wlnm tlie How oi air to the motor is reducaal hy throttling 
with corresnondingly diminisluid suction etfect, in fjrder to 
ensure the neces.saiy su])ply of sjiray. * 

Assuming tin nozzh' areas for both tln^ pidrol supply and 
air to be fixed, a carbui rttor so formed w'ould b(‘ only suitable 
lor supplying a. iierfiad. mixtun* to a motor running at one 
"ritical speed , by providing a sup])lementary ail’ supply, liow- 
tiver, a simple means is obtained wliereh} the suction ellect on 
die petrol nozzle can be corrected for a eonsiderahle^range of 
ipeed ; other metliods for the same* purpos* havii been adopted 
in considerable number, as follows : — 
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* » 

< (1) 1')^' adiuitliiii^ HU|>])K‘rm*nl;uy air to tlu' iiiixlun' foriixal, in 

a rarlaircUor bavin;; a non-aiitoinaiana l[,\ ronirollod 
I jot, l»y,ni^an.s of a sjaano-loadod lift or piston va-ha* , 
as^lioun in liVs. Ill 17, '21, 22, 2 f, 2,7, and 2S. 

• ^ 4 f 

(2) TJy adtnii laiy su[)j)I(Miionl,ary an- ly ajUty-lond(‘d hall, 
» ])lul;^]»lun;^(‘r, or piston vahes. as in liys IS, 11), 

# 27, 2G, and 27. *' < 

(d) lly Mtynioniin;; or diininishiiii; iho .ai*'.a of tlu- induction 
or elioki- lnl)t‘. asinfius 10, 12. 12 a 17, IS ID, and 11. 

(4) r>y sminltaiu'otis adjustnu-nt of ibo airaad poiiol sn])pli(-M 

^ « 1,'y moans of A, lloatin;;' jnston ami tapf-r ]>in. as in 

li[;s 20 and 27. 

(7) lly tho nso of dupli'x and triplex ])otrol no/zb-s ni (com- 
bination with a supph-im-ntaiy air snj)pl\ . as in 
tiyos. 2S ami dli. 

(0) Jly varjabh' pn-ssnre on llu- pot.i ol b (-d to sinyl*--, rloiiblo , 
and imdtipl(‘-j('l nozzh-s. as in liys 20, .‘Hr 0 1 . and dS, 

(7) Hy slmultam.sms throtth- (-(Uitiol of tlu- aii inlol t,o, and 
mixture oiith-t fiom, tho oarbuioKor a-> in lii;s. It, 

20, 02, dd, and 84. 

(5) By jiroyrossiN <-ly oontrollod ptdrol no/zlos , as in ti^s. 87 

and 80 '* 

(9) By mixed mothods , as in liifs 27. 2S, 87, ;ind 8!b 

(2otisidonn<; tho diirorent. methods it is si-oii that 

a ;^reater number biOon;; to catiyory (1) than anj oiliei, this 
ino-ludin;; all earbui«_dtoj s in whioh tlu' nocossary suppl'-nu-ntary 
air for a non-automalioally oonti-ollt-d pi-trol su])ply is admitted 
by oitluir a spiinr^ loadis] lift or piston valve, lot iormin;; 
automatically a mixtuio suitable for a vanabh- spe('d motor. 
Under this cat.cuory many of t/lu- carbunStors are really 
an a(hi})t.^ti(/n of the original Maybach, and wa-K- the most 
commonly ust-d for automobihc and otlu-r jx-trol motors, 
required to run umh-r variable power and spiaal control. In 
carburett ors of this tA'po, in which the j(‘t volume is controlled 
simply by a variable depression in the mixini;.ehand)(U’, as ly' 
inducLion Caused by a (‘,onstriet(-d tulxe what is wanted to 
correct tlu' ditlcronce in the How of the air and Inpiid is a 
ccanparatlvel V lai;;o valve ha.vinjj^ a very sonsitn action, so 
as to (piickly respond to slight ditlerenci's (>f pressure in 4ho. 
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* ^ . 

mixing' cliainl)LM-, canst'd by varial)l(‘ opwiinij^^nd pi>st<fn 

spew'd. Fyu *^1 r(j})r(‘S(‘ntH tlio Kndj, in \vhi(di a lystoii con- 
trolled by a lari^e dianieler <]ia])lirai;iii iI,»Ls adapted 

for this T)Ui pose. In tliis cai biirettor feilie pi e‘^sur*‘^>l linger works^ 



Ki(;. ]ct .•uilomatic carlmii'l lui 'ivith sjn’iiif^-cdiitiollrd siipjilpnieutavy 

!. 1 (Ijm iitid Coiiiss tluoLllc- |>i(mii-l>ailow. 


in a casing' open at its under side to lire niixin^ clianiber and 
closed at tlui top, exc(‘ptin^ for a small apeidure that can be 
adjusted to damp out unnecessary oscillation. Thc^ objection to 
this is the lack ot free movement in a dusty atmosphere when 
constructed to work witli a slicbn^r acti->n, and its* short life 
when arranged as a flexible diaphragm. F or motors not required 
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tft run ov( 4 ’- a very wide. of speeds, a properly proportioned 

conibinaii()]i of the five essential eoinponents of this form of ear- 
buretior — A'i/ , tie; dldat- feed eislern, o(4.i-ol nozzle, ehoh(‘ tube, 
a;r valve, and' ^In ott le, es?a b(‘ made to work sinpi^sin^dy well. 
In the example (ti^. 22), one fea.Iaue is the easily re])laceable 
(*hoke tube, for oiu* of the exact diauu'ter best suited for 
the moV)r , an\)ther, tjie liylit air va,lve of laro<‘ d* inu'ter, o, with 
sleeve <ruide! d'he sprino-clusc'd (lorliss thiptKe, h, is also a ^mod 
featuiai, as this (msur(‘s an air-tight lit after considerable wear, 
plus a nicely graded adjustment for slow laini^lng when formed 
with,M v^e om slanting closbig (‘dg<‘. 

In regard to size, for moderate spe<‘ds — / c. not. excec'diug 
1000 revs ])er miniiti — the pi imarj' ail' inlet, ///, should b(‘ not less 
than one-thii'd the diaimdei of (he motor ])iston and tlu' mixture 
outlet onedialf. The diameter of the con-divergent air nozzle, k, 
at the throat ma,y vary from nne-lifth to one-sixth, accord- 
ing to the speed the mot.or is lequired to run at , ob\iously, this 
simjile non-con(iaclile form <»f air nozzle is not mlapUMl foi very 
low speeds. 

Ill onh'r to obtain .i more delicately conlrolh'd di'gree of 
carburetion adapted for a wdder range of sp<s-d — or., to be able 
to supply a suitable mixtuie alike for speisK accelerate.d above * 
normal, and for regular running wdien stowed down di'clutched, 
which is V('ry ditficult. to obtain with a. carbun'ltor of the 
ordinary spring- controlh'd su[)})lenu'ntary air- valve types a very 
sciontilically designed carburettoi, known as the Xenia, wuis 
originally used on tin' (drossley automobile. In this, illustrated 
in elevat/ion and cross-sectional views (tig 2d), there are features 
of extreme interc'st. Tor instance, in pi ice of a spring-loaded 
air valve. n. piston r, connected to a float, /, a,nd mi'i'cury syphon 
cistern is used. In this carhun'ttor the varying ih'.grc'e of suction 
effect or vacAUim, resulting from throttling of tin* mixture supply 
to tlie motor, caustes the mercury to rise or fall in tlie ci'iitral 
chamber, and the float, /, and air piston, r, to follow^ suit, the 
action being identical with that of an oi dinary dial barometer. 
Petrol is supplied to the spray nozzh', from a float-leed cistern 
in the nsu|il way, and is sprayed into the “ venturi ’ nozzle, x, 
to which the supply of air is not regulated. The supply of 
mixture to the motor through /a is controlled by the hollow 
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piston valv(\ /, and i^overnor connention, ; this valve is moved 
in a direeKon away fVpm the spray no/ale to s]H‘ed n}i the motoi', 
when, in onhn: that** addil^ional air nuty he supplied, tti(‘ siipple- 
nft'iiiary air-pislon \alvc, r is allowed hy tiu' tlnat,*/', ft) fall, so 
(^peniny tie' sca iec of a,ii inh-ts around the air-infid, piston, 
reason that tlu' iloat falls on * fulldhiottle " o])enin^^ is due 
to the vaeu,>nn or sirttioii elleet in the mixiujy (diainlKT hein^ 
reduced, and as this part of tlu' earhurettor is connected by a. 
pi])e, e, to th(' Iloat chamber of the mercury syphon, //, the 
vacuum lu're is aU 1 n'duci^d, and the h‘V(‘l ol tlu' UKacury in the 
outsift'e chainln'r, which is ojxm to the atmosjdiei ('. propor- 
tionately rises, but on closing; tlu^ throttle, t, the suction in the 
mixing' chamber will be incaeastal, when tiie mercury in the 
innei- and outei' chambers wdll assuim; their ^naiiest ditfeience 
of leva^'l Idle balls shown are for the ])ur]K)se of ])i(‘ventine 
splashing of the llnul in jolting ovm- rough roads, the communi- 
cation from one chamb(U' to the other is by a small opening in 
order that oscillation of the mercury column shall he pi evented. 
The air supplied lo the nozzh*, .r, is not under variable control, 
and in order to maintain cartiuietion constant wdiim the supply 
of mixt ure to m is 1 educed as when the motor is slowed dowm— ^ 
for instanc(\ by moving the throttle, /, towards ,r (so choking the 
supply outlet)“th(' mercury column under / is drawn n]» by the 
increased vacuum in m, and llu' valve, raasial, thus closing the 
supplementary aii' inhd. For this reason it is possible on (piite 
slow s])eeds totally to (-ut oti'tlu' air su})ply from r, and as the 
venturi ^lo/zle, .r, is of very .small diameter, the air velocity and 
suction etfect wdll coiitimu' to cause tlie jet to play at a very low 
speed of the motor d'he mixing chamber is warmed by circu- 
lating Avatui- from tlu' motor througli tire jacket nc 

Although much has betm said on tlie subject of automatically 
controlled nnxtui-e sujiply, it is none tlie less a fact that in order 
to obtain the very best elleet many expeib driver's used to pi’efer 
a hand-controlled carburettor, and for the same r^.ason tliese are 
invarialily Uhe<l on i-acing cars wdierc speed, and speed alone, is 
considered, t )th(‘r things e(|ual, the most etlicient carburettor 
is one thal w ill mix petrol wdth the air- on its pas.sage to the 
motcA' cylinders wdth the same unerring cei’tainty at one speed 
as at another, and produce this effect with the least possible 
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tlirottliiii; :u-ii(jn on tbo tiioToia ;iiid wlion th(‘ c‘arbnr(f,tor is so 
coiistru(“t(‘rl 'ns to lx* non -{iiitoinaTic' in acL^oii: for tbi^resillt to 
be o])taiiu'(l wotb tbo mwiinnini trouble oif Ibti. ])art of tlio 
iHotorist, . to adil, I sbnuM bo no clloivl^^■ of potroT 

nu/zlo's <)i- ^tl^l^il1^-uj) oi air rc^'iilatois. , 

'I'br i.nilt uf luo many ca.i^airottoj s is tbrir liiirrrmica' of 
b(‘lia\ mill with Villi loot • bivns, tins boin*’ in ac<*()unte(l 

for by (h wall' ran^^r nf mai imlrxiMl adjnstnienls , (2) tbc^ 

nnmb' t of low yiadi's »il jicliol now distnluitod , (H) a t^eneral 
■nca]).n*ity f<a < usy slarlinn combiiu'd v^illi tltc^ittainiiifnt of a 
]ni;li rf(moni\ (on a wida lan^'oof sjieod control, or (4) tifre- 
pnniny sm*b skill in bandinii; and adjustment that piobably lait 
few raerp i‘, Tbos«‘ factors taken into consideration with the 
almost coniiisiny varie!\ labelled “automatic” — / c , carburettors 
that sill u''' be capable of peimittin^a motor to start witfi the 
tirsl ‘])iJI o\a‘i, t.o tun sinootbly at ‘stand-by” speeds, to 
instantly respond witb etfect for wbatever speed or power 
tbe motor may be capable of, and witbal Ih' a.bso}utely reliable 
anil )' lepeiidim' ol band adjustimmt, at b'ast- presupposes a very^ 
jieite ' d insti ument , an 1, judyino from tlie extreniti diversity 
f 11 ! (t ! II a.s evideii id by tbe followine- examples, can but point 
I to till* eonclusioii that tinaiity lias not yet been attained, oven 
wbon a'lnume f,,, the number and widely varying apjilicatjons 
for wiiicli iK'toiI motors are now in siicb diunand. 

P Tlie objection to s[)rine-loaded supplementary air valves of 
• wliatio M-loi ,11 i., tbe pro^rressively increasin^r tension or pression 
; of tbe spi-ino fei mstanee, if it leipjires a pull of 1 lb. to open 
1 a “hli valve” against tbe lesistanee of a lielix of louiid or 
I sijuare wins coiled in yiurallel form to raise it one-eii^btfi of an 
: iiicb oti its . eat., it will need doulde tins pull to dvuble the 
, openin^r J‘y usine a tapetinyr ribbon coiled in a eonieal form, 

‘ this pro^n-essive inmease bvssens to a, degree accordfng to the 
I flatness of the eime and in a spiral or clock spring the 
resistance imu'eases in giaviter ratio, owing to the decT’easing 
diameter of ilie coil, but can be etjualised by a fu'w,e, (aim, (jr 
variable leveragi conriection, and has been adopted in the 
Excelsior earburetior (lig 24), wliere tbe air vah e, o •(quite a 
I thin disc of lai’gc' diameter) is connected to a spiral spring enclosed 
in the case, <y. In this carburettor (usual in American practice) 
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the petA)] nozzle, c, projects iicross the tliT’oat of the venturi 
tubi\ 0, '.I’n this insjutH'e, in siihimnnder iorin, *so that drip at 
starting, as b\' IlDoding, shall be eaivied up. ddie advantage of 
'projeeting the jet erossun'se is due io (hi* facility wiihrAdiieli this 
method haids jts(df to adjustment by a, tay)er'pin regulator, as 
at 70 A metallic ball is localedjn the divergent end ol the tube, 



‘il,-— Aiilcinalu* ('iubuK'ttor with pin-iLlloc,n»i siiiglf jet in w;uM of sala- 
niainU’r Aentiin tnbf*, and su]»]»]emoiitary avr T^y stnsitive bcll-spn 11 it von trolled 
disc Ifowolsbii. 

resting lo^vsely on a stop, .s, this ball, with the motor in action, is 
held suspended betwetm the two stops, and tends, of course, to 
obstruct the How, avIucIi is what in most makes it is the en- 
deavour to, prevent, but is probably ftHind to l 5 e a corrective to 
the jet at varying speeds. In .starting, the valve, a. is held closed 
by the ^top /, and for slow running the throttle, A, is closed 
against the stop-screw,;. 

In the Shebler central tloat-fecd automatic carburettor (a 
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welJ-known inak(')- HOino of tlio objfvtfioh.s to a .spriil^-loaded 
supploinoot.'ify air valve lira minimised by thy with a 

conical-shaped sprini^. « '’idiis valve is ol diameter, and 

nade of fiWvAvith a bras‘^ backing disc and sleeve , it is there-* 
ofp silent in adioii, Am^tber is the Breeze Jmore suitable 



foi C}(Je motors), ill wliicb there is also a conical spritig-loaded 
fibre valve. Both of these bavi; a taper-pin adjusted petrol 
nozzle and con -divergent induction tube. It win’be seen that 
the modified fornis of carburettors shown in figs. 20, 27, 28, and 
37 depend on their automatic action from either a spring-loaded 
valve or sliding piston. 

One advantag(i in the use of spring-closevA valves is quick- 
closing action wlien subjected to a b.iek fiow ; spring-loaded 
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valves have for this reason been adopted in the Suiiderman 
safety^' carburettor* to obviate any possilubty of' danger from 
a “back tir'\" this, not <'nly ‘'re bolh main and Hiipple- 
’ mentary supplies tilted with spring-loaded v;<lvrx^, but the 
mixture supply as well . thus making doubly' suia^ against the 
escane of a jhnne under any cii'ciimstam'As 

(2) (Inrhurrfloi ni trlurli niij'lurc /or/aco hjj (» iioii-diUo- 
')nat intll If coiib'ollrd fcl ts ronreted Inf o snjyplnnfiihn'i/ siijiply 
tlirovifh, (jvttr'thf loaded hall, pluy, 'pluoifn' or pisioii ndres . — 
In order to c( .'rect the tendency for s))ring- loaded valves to 
admit too much extra air at starting and while running light, 
also io obtain a more uniform action at diltereni, t<‘mperaturcs, 
and further, to pn'vent unskilful adjustments, — weight-loaded 
lift valves of the ordinary type have btien tried These in 
practice, however, ai<' found to lift irregulaily, espeeiall^^ at 
low speeds. This tendency can, of course, be damped out by a 
plunger, but adds friction and w'orse, as a plunger is liable to 
stick fast from inattention The nuTcury float jiiai-on automatic 
control, shown in fig 2R, is a very efl'ectivc' application of the 
gravity principle, as in this instance its movement is not only 
comparatively jiositive, but. extends to a. wide range An 
interesting ajiplication of the gravity system is sliowni in tig, 25, 
where a series of metallic balls, s, of dillerential weights, is used , 
these in starting ami while running slow rest on their seats; 
but on furthei* opeming of the throttle and speeding up of the 
motor, lift ofl' their seats jirogressively and without a cliattering 
action, which is so objectionable a feature in disc \alves. In 
this carburettor, knowm as the (l.A , tlierr is a long venturi 
choke tube, i\ with the petrol nozzle arranged oblj({uely at the 
throat no pin-feed adjustment is used, but the jilug opposite 
lends itself conveniently for removal or cleaning of the nozzle, 
which is' 'a good jtoint. 

Diflei'cntial weight liall valves for supplementary air supply 
is the method also used in the Kingston cmitral-feed car- 
buri'ttor In this instance the choke tube is Vertical, short, and 
annular, and llu* spray from a pin-adjusted nozzle is induced, 
togethtr with an atomising scries of air jets, up a central tube, 
the disposition being somewhat similar to the carburettors 
shown in figs JO, 12, 12 a, and 15, excepting that the main 
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air supply is (Jrawni thioui^^h iho annulus atid tfiu Jitoinised 
spray through a (•(Uitral <liv«u'^(‘nt nnzzle.# ^Tlu' tlo.^b cistern 
is ariaui^ed c(uitially aroulid the venl*in nn\injy;*uj)talce, and 
to(rethcr \tit]T the a-ir inlcl. can he c]ain])e<l ai any convenient 
an^e. which is a'^ood poiid. • 

'l'h(' H;n‘i(|u;^id earhuia'ttor •is anolher example witlu^ut a 
spfin^-(‘ouf rolhsl supphuiieiitary air supply* In this instance 
a port(‘d piston caiuyifiv tlu^ choke tuhe is diawn u]i ])y suction 
(itiect ae’aiiist. it-s <^vmi w(dyht, thus lejeisteriii" to a greater or 
less e'xtcid with a se)‘i(‘S of air [)or(s#in the ftisin^ 'Jhis^ in 
eouinion wilh all (^arhur(‘itors ha\in<^^ automatic si idin^^ mixture 
r (‘e'ulators, is not so suitable for a.n automobile for use on 
dusty roads, although Idr marine and stationary niotois working 
in a cleat at mosphere, and thm-efore fiee fiom liability to get 
stuck fji>t, hliding i egulators, owing to their steadii'r action, ^mve 
an ad\'ant ige (om tin* oidiiiary lift valvi' 

{']) rt'lfoi'K )u {vh K'h flic (jHtlhfjf of (In' inixhivc is 

n iiloiinit H'aJhj hu If iKjiHdihiuf or (I i ni ) )usli mg ilie 
cojKo i*ij oi iht‘ on' I ikI fti'l itiii fvbr. — This is (Jii* method adopted 
in til M'lit'st ad.aptation of the jtd. principh\ as shown in tigs. 

1 J , L_ ; 2 a, and lat'-r, in tig 1.), this method has also been used 
ext'Misix ly in jx'trol jiaiatlin carburettors luiAing an (‘xliaust- 
heated ^ajiorism* attachment (^see Chapter ) In carburettors 
of iJ<i, t\p'' U/ con div(‘rg(‘nt induedion nozzh' is used in which 
the diveigcmt end jirojects into a. gloladar mixing chamber in* 
such tiiaumn' as to leave an a/.inular spaci' suriounding tlie neck 
of the no/zli', into this a comlmn'd jet of air and petrol is 
induced f/ast a hollow scri'w -down regulator having a tine 
thread, thus torming an annular jet of extreme attmuiity. The 
necessary depi'-ssmu in the mixing chamber is n'gulapixl by a 
pulsator plug against the pull of a spring, thus automatically 
yarjdng the air way aiva at the throat of the nozzle? In tliis 
inspirator form of cai'buret^or the maximum advantagij is taken 
of th(^ vena-contr^icta princi[>le, inasmuch that the rich mixture 
of spiay and air is drawn into an annulus and si'parfited from 
the high-velocity air tlow by a thin divergent neck , the stream 
is thus swept lorvvaid by the maiu'tair Ilow in a strftimdine 
direction. As a I'csult of this, the depression produced in the 
annulus on the jet is from 3 to 4 inches lower than that 
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in the niixinii;- chamber. Thus in ])!ace of tin; ]i{]iiid being 
indiieed '\'nio the ab‘ stream din*et in tlie form oi a solid jet, 
or obli(|uely •'IK a did‘usc/1 jet, or wot^.e, as when fed into a liigli- 
Veloeity air str(‘am crosswise against tiie cnrieiit*; the mixture 
* is induced in ^lie form of annular stn'ani dti<l in the same 
direction as the main air streair , (he two streams thus combine 
with a n\inimum of Iluid resistance. Indeed, in carburettors 
of this form, such is tin* suction on the fuel feed that it is not 
MO very important to adjust the level of the fuel Mn])])ly to 
within an inch v'T so of fhe apfjx of the fm'l legulator, in fact, 
several indies of dilVerenet' of level has little appreciable effect 
on the running of the eiigim*, so long as the level is maintained 
constant, the ])ulsator lending itsi'lf by (uidwise and spring 
adjustment to a considm-able range of suction dlcct-. In 
emphasis of the de])ression that can be produei'd at the fuel 
nozzle in this insjiirator form of carburettor first, us(*d by the 
author, humireds of engiiu's are still at work, in which the fuel 
(paraffin) is drawn direct from a tank constituting the base of 
the engine. 

Idle inspirator method is e(|ually adaptable as a mixer for 
gas engines, and has the advantagi' of making an engine 
practically indepiuidtait of pressure, as the gas is drawn past a 
spring-loaded valve; this is shown in lig. 4l,as an “ adajiter ” 
suitable for any ordinary form of pet.iol carburettor to enable 
•an automobile to run on gas. 

But the greatest advantage of the insyiirator, whether used 
as a simple carburettor for jietrol or gas or for paraffin or semi- 
reftned oils in c()mbination wdth a va])oriser, is its adaptability 
for a bi-fiml ft'ed, by simply titting two inhds around the 
nozzle annulus, one connected either to a regulator controlled 
gas supply or to a petrol ci.stern, and the othm' to a vaporiser 
and parallin cistern. The inspirator mixer also lends itself for 
a third regulator, by whic.h a ])araffin tmgine can be fed with 
a water spray to suppress the detonating effect of this fuel in 
engines vdth exhaust-heated vaporism-s when on full load. 

It will be, observed that in other forms of carburettors 
(showif in figs. 20, 27, and 87) a regulator j)lunger is used to 
automatically vary the area of what ajiproximates to an air 
nozzle, also that in ffgs. IS and Iff a plunger piston is seen to 
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vary the po.sitioii oi ;i v(‘iitiiri vhoke iiilHi over a €iij^]e-j(T 
nozzle in one •insitance and .\ miiltiple-jci nozzle in .another, 
ihcHe in (‘ach case aetin;^ by suction ef^‘C^ a^ainsi^ gravity. 
Air-way .-^utynjatic control on this p^-inciple is* adopted also 
in tlie S.[i, Sc; >tt-li-obinson, blcal, Sinitli, Stewart, JJoltzer, 
and* other cai-bmidtoi s, e\(a‘p1yno tlmt in some the petrol* 
siip})]y is synelti ot ously \aricd rithci- by^a, ta])e-r pin (fr by 
putting mnltiphi m^/./Jcs inO) or out ol action suceessix eJy. In 
all of these the air su])p!_\ is K^eulated liy theacti<»nof a varying 
dcju'ession in t'n' •mixing ehainbei to dra w uj) a jiiston plunger 
against' its xveighl alone, n(> >s]>rings* being nece.si^ar}* Xhis 
method, however will not. work satisfactorily when a})[)li(',d to a 
stem-gindtMj pulhat.oi' ping as. lor exa.m[)le, in that showm in 
tig In unless titled with some rmerns as by a sps'ing, to damp 
out exec isiv e oscillat ior^ , 

(i) ( <( i'lnn‘<‘( ^<>rs (H trh trh thr pclrof and arr sn/>j)ll<‘s o.tc 
sin)i'id((.> neons/ ji r>tfnla(ed (>p a jloafiiaj /ns/oji on 'p/majef . — 
In these theje is re induction action on the petrol supply, the 
jet isHiing by d(‘pression <mly, and being rvgulated by either 
vayv i!" the aiea oi a singh' jet. ajau'ture. or by bringing into 
aeth .r closing, - ^iieeessi(m of jets by the rise or fall of a 
piston fdungcr in consonance willi the position of the mixture 
throit'e The air supply is automatically regulated in propor- 
tion t ') the petrol, simultaiH'ously and more didinitely, perhaps, 
than by a varying inductive efh'ct, in combination with a 
depression-act n.ited air sujrply, dejrending on correct adjustment 
of spring icsistance. Tlim-i* arc two mc'thods for regulating the 
air supply , om^ liy varying the area of a, divi'rgent nozzle, as 
shuwm in tig. 2t), the other by arranging the piston plunger to 
open or close a se'ies of ports in the cylindrical guMe to a 
varying extent, as shown in lig. 27, the action and cttect for 
both being veiy sr..jihir. 


The advantage of this foi-m of carburettor is that, after once 
being correctly proportioned, they give more perfect and reliable 
caHiuretion thar? carhnrettoivs with imh'pendent petrol or air 
adjustments, or both, in the hands ot users not sufficiently adept 
to get the b.xst out of thmu ; Imt, prr contra, they reipiire to be 
very carefully made, and arc not so .suitable for a motor working 
in a dusty atmosphere, unless provided with an elective strainer. 
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'Apro}}o^^ ol‘ this, it may l)e said that a dust arrestor is really 
just, as ueis'ssary for tiie motor, although not so qbvious; the 
elfeet of <lusi is na/eVtheless veiy destruei-ivo to both piston and 
cylin(h‘r, and (sn nsidilf 1 h: realised on cleaiiini; out an air filter 
aftei a b'w hours’ run over dusty loads. T<»uehiiy^ on this point, 



there is a eertain objection to any apparatus that inaterially 
interferi's with tlu' free inliow ol air to tlu' (“arburettor, such as 
by tin' use of layers of fabric laid over <^auze' unless of ample 
area and fre(piently chianed. One of the most prai'tical means 
for arresting dust is an aluminium ri'ctannuiar boA having a 
number of thin gauze-backed baffle idates, arranged in such 
manner that tlie air is circulated to and from the divisional 
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spaces beiwecii the ^aiize-covered platas passing ai^und af 
opposite eiK^. •A Jayei- of oil which may be such as drawii from 
the craiik-cas(‘ is poured mto the lilter, atidfthis by^‘,apillary 
attraction^ai^l splasli keeps tlje gauze #et and s# 'catches liold 
of the dust. (.)tl,H;r means will suggest themselves, but nothing 
is oY ‘any jjraetical use I hat is li^ible to cboke the fi’ee passage of'^ 
the air-llow. ' • * • 

H, everting to lI*A'i^ing piston-plunger carhurettofs, a good 
example is shown in iig. 2(), tliis having a tai>er-pin controlled 
jx'tro’ f('ed, jo 1 Is a method more commonly used than any 
otlier In tins tat' jdunger a, with tfirottle /T, in 4 )osi"«ion^for 
starting ot lunning, will lloat just oil' the coned mouth of the 
air intakr, o, when an extnmiely attenuated stream of petrol 
will be drawn IVoin the nozzle, ?/, to the series (»f holes around 
the hot voiii edge of l.he plunger, whenct^ it combines witji the 
air-, uiie two lluids being inci’cased proportionately as the ])lunger 
rises witii furth''r opening of the throttle, 'fhe plunger is 
grooved to minimixi friction, and is of sullieiimt weight to 
balai'"-t' suction ellei't, and tin' guide is closed at the top, thus 
serv n- to steady the movement of the plunger. 

.n )ther variant of this ty})e is the Sib, but dilfers in the 
fiis])osdion of the parts. In this the air-plunger regulator, with 
})etro' d‘i‘(;d taper pi in* attached, is arrangial at an angle of 45“, 
but more for liarmony in general de.sign than for any other 
reason, the principal diHerencc consisting in the use of a con- 
certina form of bellows of about twice the diameter of tht; 
plungei piston, the interior of the bellow's is placed in communi- 
cation wiili the mixing chamber, thus, owing to its much larger 
area, Ilexibility and iioii-c.outaet wdth the sides of the containing 
case, the movemeii' of llie air plunger is more sensitive /o slight 
depression changes in the mixing chamber. * 

The New'comL carburettor shown in tig. 27 is another of 
. . . ^ • 
this type, wdth tajx;r-piii chntrolled petrol feed, as at n ; this 

pin, moving with the plunger a, is graduated for a feed in 

proportion to the poit openings, for the admission of air to the 

mixing chamber surrounding the plunger guide. AiT important 

feature in this carburetter is the corrective means adopted as 

at r to vary the petrol feed by placing e float cistern into 

communication with the mixing chamber ; thus with an increased 
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depreysidj following ji wider opening of the throttle, /;, there 
is fi porrespondingly (iiininislied ])reMHure acting' oiir the ]>eti-ol , 
the feed 'is ther<Aym' reduced. To ^einpliasist* this cHeet. the 
eoniniunieating pjpe, /•, ehds in a foiiu of l’{‘Lot tn])e, t]ie depres- 
sion can be adjusted by admitting more or less yir by tlu' cap, p, 



Fl(i, “27.— Vaii.iblc auLoinalii carlmifttor Mith sria\ it, y suction an aii'l fwl control 
]tluiigc,’ and noz/lc pm, plus varulde cistcin j»icssiuc Al,-.o lilted witli 
auxihany jcl I’oi stalling and rniiuing slow Newcomb. 

and can bg neutralised altogetlier by opening the valve, v, by 
a cord within reach of the driver. 'Diere is also in this car- 
burettor an auxiliary jet, r/, located so that on tlie throttle, k, 
being closed, exce})ting for a slot cut just o])pv»site the nozzle 
inlet, a great suction effect, as at starting, tvill b<‘ centred at 
this point, while cranking over the moto7\ On further opening 
of the throttle this extra depression ceases, and the auxiliary 
jet is then put out of action. 
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The Stewart, or S.lhC^, is anotlier earlnirettor of tloating ^ 
air-val\e KyncVooously eontrolh'd pelr()l-Mipj)ly type. 1 m this 
tikere ia a ceoiral feed, tli^is rnnkiiig for eoinfactness in design: 
bnt th(5 ^eiucipal ddfereiiee is in the jet n'gulatfoii, as in place 
v^f a ta])er ])in < attached tn the a,ii-]»liinger regulator, the piu 
form's [tart of a M>t-ser<kw protruding at the base of the cistern' 
the jet can thul U' adjusted, which is an a.<l\tintage if umh'fstood 
()v(‘r this })in, \vhtcl4 is below the levi'l of the petrol, there ii 
a, tube formiiii^ part of th(‘ air plunger, and thus the jet and 
ail su[i]il\' an ailtoHiatieally ri^gulated toge and. in accord- 
ance with the ujieiiing ot the throttle. • • » 

'The Meal carhiiri'ttor ^t'olin Seo(t) is very similar to this 
ex<*(‘[>ling tliat in pla,ee of an adjustable ta[)er pin at the baa( 
theis^ IS a (l()uble-{(a noz/.le ea[).abh^ of an extrenndy line adjust- 
ment oy means e*’ ?' ehsarly marked micrometer gaugi^, thin 
iJie reading for an} given j-esult can be noted, and the running 
of the motor tuned up with less trial and error than with 
non-ind(‘xed adjust.ments. in this the. jets are automatically 
reg latc'd in ‘'olunie by a tube attached to the air [ilunger ; 
till' *ube has a pair id’ narrow slots, and on being drawn Up 
OV' f the nozzle b\ the plunger, increases the feed in direct 
*pro[)ortion to the air su[>]>ly and throttle opening. 

^ similar result is obtaimal in Smith's variable feed-tioating 
[list on carburettor by [irogressividy bringing into action a 
muUi[)ie series of fixed r.olid Jet .lozzles, in this ease four, ^y 
the 1 lovemcTit u[) wards of a hollow [liston or cap over a scries 
of four [lorts at ditl'erent heights, eommunicating with a four- 
chanihei-ed mixing luiie, at the base of which ihe four nozzles 
[irpject, and are brought into a-eiion in successive order according 
to the number d‘ ports uueovered by the piston./ The jets 
are of slightly diminishing ea[>aeity, the first being the largest, 
and the port controlling the mixture formed by*tliis is the 
one used at starting and for slow running, and is never more 
than 'half closed. On this port being three-ijuarters opened, the 
next commenefts to be uncovered, and so on until each of the 
four ports are 'peii to the dejiression chamber surrounding the 
ported four-chambered fixed jiiston arid rotary th^ittle. As 
in all solid Jet s[)riiigless carburettors, tuning to the particular 
motor and running conditions required is ejected by changing 
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^ the petr()i nozzles, whicli cnii lx; clone wiLliout distnantling any 
pari, oUu'r than the Hoat cistern. ^ 

plstop-p1id»H‘<‘r automatic u^'r n'^ulator t\ ))<‘ ol’ car- 
r Ijurettor also tends it^i'Ii foi u bid’uel f(‘('d, which, may he 
jietrol and a. mixture of petrol and ])arailin, benzole, alcohol, or 
ev(‘n ])a,rallin, wlu'ii suitably aiaynned for heatjn^ the mixture 
This ts done 'in tln^ Hamilton bi-jet carbiiretilv)r, in which a 
depi’ession-ri'^ulatcMl piston plunder {iisuyll; eipml to about 
4 in to 5 in , as in general practice) carries two tapei pins for 
a pair of [lU'l noj^zles, ('a(*h su[»pheil liy a sepaVab* Hoad cisimij. 
In attioi'j the jet fiom tlie petrol nozzle is adjusDd will) a sliydit 
lead, so that for startin^Mind lunning slow only })eti«il is used, 
but on a further lift of the air-piston leoulatoi' folhoviny^ a, 
greater opening of tlu' throttle, the pa, lailiii jet is biought into 
action*, thus at half throttle, whih' tin; i,wo fuels aie usod in 
about the same proportion, the petiol supjdy at full throttle 
falls to about one-third of the t.otal lu(‘l eonsiinu'd. but, can 
be varied by tin* setting and ta[>er of the nozzle pins for dill'ermit 
fuels, accoiding to reijuirements. 

(h) C(( I’lucrcitors /n 'u7/o7/ (/a/>/c.r (in<l (n ph x fxl >‘<>1 /o)::/c.s' 
tor nst’d, tuicji a .scy/u/vhc , ikI nrl nni iulx\ oi cniiihi iiat ton 

'tvtih (i Itdud- or (I II ii~('ont >'(>! It'd t\upjtlrin< iddi'ij inr'* 

If . — In view of the extreme range of sjieed now considered 
necessary for road-car motors, especially those of the touring 
type, it is no womler that multiple nozzles havi' been employed 
to come into action jU'ogressively as the speed inci eases. One 
advantage gained is t-lu* sipiprcssion of the starting and slow- 
running auxiliary jet, as used in many (arbuiettors having only 
a single-induction tubt' of lixed area In this categoiy only 
those caHjurettors are de.scribed in which duph'X and triplex 
induction tubes are used in coiiibination with either an auto- 
matic or hand controlled supplementary air supply. 

Of tbe,se the Diezman (Stevens Manufacturing (Jompany) is 
one having the maximum range for adjustment, and commends 
itself to users having tlui necessary skill and piffHeiice to make 
the best setting of the tliiee variables- -viz., jet, air, and throttle ; 
and as in ^this, shown in tig. 2H, there are two separate mixing 
tubes, Id, Id, each with its own throttle, Id, fr, interconnect(3d, there 
is therefore opportunity for some confusion, but when properly 
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iindei’Hiood can he set to reH])ond to tlu; ino.st c'xaotiii^eiiiancft. 
ddie mod n<l i in starting is to have tlirottle Id lield closed* 
by its sp^nl^^ and throttle Ir slightly ojicif, }»-, tor running slow 
(tlie o])enin" lor this bring detrriniiicd^by the sefcscrrsv, i, in the^ 
usual way). Ihe jet from nozzle : in the con di\'(M‘grnt induction 
tull(^ L\ can then be adjusted by the set-pin, //*io give the feed 
re(|uire(l i\a' s^aidy running “slow” and for sjiettdiug ujj, with 



throttle /r half o})en, at which ])oiiit the second Urottlc, Id, 
coininences to open, the lost motion iii the connecting link per- 
mittijig of this. On the depression belo^ the throstles exceed- 
ing 3 to 4 in. or thereabouts, the valve a, commences to admit 
supplementary air, the need for this being more obvious as the 
speed goes up.« This valve has been very carefully designed for 
capacity, adjusOnent, and quiet action, also the mSans for set- 
ting the spring pression and for locking in correct jimsition is 
both facile and certain. There is ''another point that should not 
be overlooked, and that is the steadying effect on the valve of 
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tfie Bocke^ ai tho -boitoin of tlu' .stem. Tlie float feed too 

is a o;reai iiiiproveineni. on tin* coinuioii ])ra(‘iiet*, bn’ not only 
the ring lloat plas^d to maintain a, Itn'el position, but, whai 
more importtoit and cArly diseove]-ed by tin* wiij^er^ the feed 
valve is held down to its seat by a s]»nng, tlins obviatinj,^ 
‘‘overflow,’ a fault only too common in many cai buretU'rs 
Uidess# tiiriusb oil' af.^the main soon aft<‘r sto])])?ng th*‘ niolor. 

'Idu' Hinrs.s is anolher don})le jet carl)urc‘tjtf<ti w it h ind('])endent 
throttles, in this instanci' spring-loaded lift valves, tin* smaller 
of whir, h, in capacity about om^-sixth, ha\ij»g a^considei able hiad 
over^he*’.arg*'i’ throtth' 'fins nuitljod of controlling the mixture 
supply leials itself foi using fuels of ddli'rcnl d<'nsilit's, and has 
been adapted as such. A featuie about this caibureltor is the 
af)sence of adjustments, tlu' nu'thod for tuning (,o any jiarticular 
motor.')! running condition Ix'ing leplacement. of tlu' induciioii 
tubes or petrol no/zles, or both , this is, howc\'ei, (piite a siinjile 
matter, as the tubes are tpiite sliort, \ery accessibh*, and only 
re(|uire a singh*. wdng-nut to clanip ]»oth in position, Supple- 
mentaiyaii is arranged for by a iiand-ojxTated disc s alve. This 
in an earlier (h'sign w'as intei connected so a,s to be undm- single 
control, but- there are so many dill’crent liiands of petrol and of 
such varying density and flasli-jmint now, that many owner* 
drivers prefer a dual control. Tlic strong point about t Ids car- 
burettor is its absolute immunity aga,inst. sticking up , tlu' mixture 
throttles, again, an' a gi'ound-in fit, and tlu' iloat IVimI even is of 
the hinged, apring-clos<'(b jiositive tyjie. 

The Bailey bi-jet carburettor is somewdiat similar, the two 
detachable choke tubi's and noxzhss being in projiortion as 1 to 0 , 
but in this make t-here is a double [xirted mixture jilng tlirottle, 
arranged Cor the small tula* to be brought into action in advance 
of the largmr tube, while an ordinary direct-action lloat cistern 
is used, the; supplementary air supply is by a separate, hand- 
operated ported disc, and, as in tlie ])revious example, any neces- 
sary jet adjustment is l)y change of tube and nozzle. 

In tlu* Trier .-lud Martin tliree-jet carburettor 4;lie re is both a 
hand- and automatically- control led air supply. This (known as 
the T. and M., see tig 211) lias three nozzles, brought into action 
progT-essively by an extension to the hollow tlirottle piston, on 
this being moved to the right, thus simultaneously uncovering the 
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supplemoiiliary air port, <i, .‘iiid mixture throttle openings, hr, air^ 
also (Miters^tlil^oni^li openings /a, whicli can he adjusted iji area 
hy the sluitha' dise sIjowo^ tlie only a.utoinafie snj)])l 3 ’' ('liters hy 
th(' air-wgiygaffoiah'd In' tin* extension mwards oP*a ('loscd}^ coiled^ 
iine helix atta(di('(l to the niovahle dise, this spring carries a cap, • 
Oiuris thus ('losed at its iniu'^ end, hut on the depression ovel' 
the noz/Jcs e 'edino- I or 5 in, as vvln'ii^the tlrrottle ic fully 
op<'n, the spriiii^ ef d^'aw n forward, thus wuh.'nin^ tlie interstices * 
hetween th** c.oils. 'rin* Mlightl\^ vee-shaped ports, (/, ari* entirely 



I 


Fic t'" - Tiiptnu't cai ItUKatoi with )ioll«nv (lilleieutial air aiuJ » 

itii\iuio thiotMc ('oiitiol — Tiler uiul Murtiu, 

closed while runnin^^ slow and at starting, with only one jet in 
action, as shown, when the only throttle opening is through the 
narrow exo'iision slotways shown in h, and that ffn* the air 
supplied through the ports, the disc shutter is then “set'’ to 
obtain smooth running at this stage. There is really a fourth 
supply, as there is a. small lateral aperture leading from the out- 
side to the space surrounding each of the three petrol nozzles, 
but is more fdr atomising the jets than for supplementing the 
air supply. 

( 0 ) Hi and multiplc-jH carburet tor in which 

prei^in'e on the petrol fird, varies as th.e opening of the mixture 
throttte.—Un^cv this category are included carburettors relying 
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entiiT'ly upon u variable jet v(‘loeitv derived from a variable 
pressure in the flojit eistern, this in <i^eneral j)ra‘ctice being 
constant and .op^ai*' t<> the atmospbei’i' . also two- and tbree-jet 
carl)urettors, in wliieh tin' p't vadocit)' and numb»r of jets in 
action is di'ternumal by vaia’able level in a,n auxiliary well. 
Vhere are also modilie<l forms cai bin ettors in which tlu* jet 
velocity is only in }>»ft inlluencial by a variabh' ])ressnre in the 
float cistern, and mainly by a variaJile indu-tfon effect, as shown 
in tigs. 27 and o.S 

The (lillei- (iCihnian, known a,.s the (IL, is an exanijile of 
thosf depending entirely on a variable pressure, in the float 
cistern, in tins c.lass only oni' central jet petrol nozzle is 
necessary, without any supjilementary air supply. eitluT hand or 
automatically controlled . the air-way area may or may not be 
increased in proportion t-o the throttle opening, as shown in 
fig. ‘M). In this instanci' a drum throttli' is used having a cam- 
shapi'd core. A, which on being I'otiited clockwise Icaoes an 
increa.sing opening umh'r the mixture outlet, and simultaiu'ously 
widens tin* aii--way opmnng, /, on two sides of’ the nozzle nijiple, 
so thai in this ri'spect tliis carburettor in jiart belongs to 
category (7) However, its action does not depend on the vee- 
shaped slot ojiening, /, cut in the periphery of the drum throttle, 
and will work with a paralhd o])ening, tb(‘. jmrpose of the 
narrowing width being simply to (*a.use the air to flow past the 
jet with a coiistant velocif,y Its »h>(/n,s opera nth is tn cause 
the pn'ssiiie in the cistern either to supply the nozzle with 
petrol at the maximum Icvid of the jet orifice, or to reduce this 
level to th(‘ boilom of tlie no/./le, aix'ording as the duct, c, is 
placed into communication with a or d by means of tliii groove, 
e. as witFi^ the thioLtlc closed or full open. Any intermediate 
effect, as obtained from placing tin’; cisti'rn opmi to the outer 
atinosphen‘*, or in the vacuum above the throttle, (‘an be pro- 
duced by the regulator ]ilug, //, so that it will be seen a great 
range of dt'pression is jiossible. 

In tile tl^filey carburettor (jig. Ill), adopf.ed by *the Ford Corn- 
panjy the possibh* dilfermice in the petrol level at the nozzle 
is very slight, but is compensatial for in part by air admixture. 
The rustern, as will be seen, is of the concentric type, with a cork 
float,/, jietrol flows past a nipple, n,, of a determined gauge to 
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an inner wfill suiToundiiiii^ the nozzle caHin^, and tlience thron^i 
a series of dioH's Ix'low the regulator pin valve, to the jet. In 
riinnin!^ shnv, and of jsiurse wlnle tlie niotf)r»,LS not in iietion, the 



Fj(i ‘50. -Vuimlilc ]>ics.siiio ( .iilmnitfor with syiKihrunuus notiou air, 

ful l, aii'l isiixlure nuitml -(JilK'L-r, (‘liman. 


level in the enp abov(‘ the nozzle will rise to that ni tlie cistern 
and be abo^’e tlie bottom of the tube, I, supplyin^^ the auxiliary 
nozzle, 8; thus with the wine throttle, A, as shown, tliere is a 
considerable suction on t1n.s nozzle, suflicicnt in fact to draw up 
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j^efcrol jAvI caus(! it to .issuo in thti form of a jot in tlie recessed 
em] of tJie si-.-irtiii^^ no/zl<>, the H])aee tJius Ic'ft ojlen /)ii tl)e ed^e 



Fig. 31,^ — VaniiMe a(“t)oii sinL^lpjel (’t*iittul I’ccd carhuretloi witli throttle- 
f’MigOolled auxiliajy ,iC‘t I"' ‘Starting luid ruunutf; slow— Hnllfy. 


process of cranking over, ddie orihfMi in tlie di\osional rin^, c, 
sljonid be of just the siz»^ to feed tli(5 Jet at .vwhih* running 
slowly, for if in excess of this, it not only leads to waste but 
tends to a smoky exliaust and fouling of ilie igniter insulator. 
On further opening of the throttle and speeding up of the 
motor tli(' Ie\’e] of petrol in tlie cup above the divisional disc, e, 
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rapidjy decr(;iiH(\s until, at speeds, it is drawn entii/ly froin^ 
the jet. Soan fhe h'veJ ^ets below the atomising nozzle, .r„ and 
then air is freci to pass downwards throu*h^th(‘ small orifice 
in the disc^e.^rnd thus to mini:jle with ttie jet issilino from the 
nozzle control's] by tin' pointed regulator screw, p, and in this 
maifner pi-ev('nts too stroiii^f a .mixture at higli speeds. On * 
slowing tlown t^je i(‘V('l aj^ain rises above Qm bottom ('ds^^e of 
the tube .r, thus str ?nj^»-th('niiii]; the mixture, and on still further 
rcdu('in|:^ llu' s])eed. the level will continue to rise and further 
enrich the mi tuhi by naison of the laf)pin^ action of the 
annular downwaid (‘urrent of air froiV tn, in flowing ^ip *the 
midn niixini^ iXi/zh', /.• to the outlet, past the full ope.n thiottle, h. 
In a later desion ot this carbuiettor tlu' atomiser nozzle, .r, and 
divisional disc, r, ar*' dis])ens(s| with, and their functions per- 
formed ’*\ tie' ni[tpl i>. and a breather tulx' ('xteudiii<^ from the 
top uf th(* a.nniilai leservoir to above tie' levi'l of the petrol 
in the cistern, in tie' cover of which there is also a vent hole. 
The mixtuie is thu , regulated in sti-en^th by the ris(! and fall 
ill le''''l of the pi'trol sup]>lied throuoh the restricted aperture in 
the 1 nh', v . hut as this by itself is not sullicient to prevent 
a.i * o ‘ss of sjiray bi'iny drawn past tlie jx'trol nozzle at high 
i^t^X'cd, air is admitted down tlu' bis'ather tube (not shown) as 
soon as the level in n is ri'diiced to a certain limit, and is then 
drawn up past tlu' s])i-ay nozzle together with the petrol feed, 
and in this manner conijK'nsates for the inert'asing suction at 
the base of ilu mixing’ tnhe, at high speeds. 

The Waie carburetia)r is designed on somewhat similar lines, 
but obtains the eftect duo to dilference in jet velocity and petrol 
level in a siinplhied manner, in this (tig R 2 ) petrol enters the 
tloat cisti'in past the weighted pjin valve, te; hence th*' petrol 
flows througli tlie restricted jet oriflee in the nipple, c,‘ into the 
well, I, and, when the engine is not running, rises tci the same 
level as in thc‘. cistmii, thereby submerging the end of the 
nozzle, ,c. Now, on starting by pulling ovi'r the handle with 
the tlirottlo, h, closed a depression is caused above the throttle; 
accordingly, pi'trol is drawn up past the nozzle, z, and, mixing 
with a limited volume of air, is carried forward to the cylinders. 
Then, after a few minutes running'^slow, ih" jet, 2:, will be auto- 
matically put out of action, owing to the feed through c;, due to 
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ftuciioii ubove the ])ipe, beh 
well, /, iIiroiiij;h air is then 
to^ctlier with pet/ol from tlu‘ 
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trolled doiilile jot ciu l)Uiettoi AV'arr, 


velocit)' (jf the jet in proporti(' 
througli the tliiadXle. As wl 


^ greattn- than the feed to the 
drawn down the^t ulre />, and up, 
surfaoi' of tlu* eontAUits in /, past 
nozzle, c, and up through th(‘. 
tuh(‘, s, in .suHici('nt volume 
to keep tlie engim' turning 
slowly. If the thiottle is 
o])ened a-little a dc'pression 
will 1 k‘ causi'd above the 
surfae(' of th(' pel rol in /-, 
and as this inereast's the flow' 
tlirongh the nozzle, r, more 
will be <lrawn up the tube, />, 
to mix with air fiom n} , if, 
tluai, the thi-otth^ is oix'iied 
wide, the S]>ra_y from tlie jet 
issuing from e will eontinu(‘ 
to aset'nd the t,ub(\ h, and to 
mix with tt gieabu* volume 
of air tlowdng past th(' n;* 
strieted base of the throttle 
inlet. dV) com])ensat(' for the 
tendeno}' for too great a, 
f«u‘d when running with the 
throttle full open the in- 
creased depression above the 
tube, h, in lowering the con- 
tents in the w(dl below the 
serie.s of holes at the bottom, 
causes air to enter at a, and 
thus in rediKiing the depres- 
sion above e r(‘gulat(‘.H the 
in to the volume of air admitted 
til all carbui-ettors having jet 


orifices of lixed (x» parity, the only feasible w'ay of adapting 
this carbuf(;ttor to any particular siz(‘. of motor, or running con- 
dition, is 1-0 tit a nozzle as at r, having a jet orifice of the exact 


capacity, as aseertaimxl by i unning the motor under the required 
conditions. For slow running, however, a considerable range in 
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efibff- ('an l)t* ol)iaiiio(] by .'Kljiistin;'- the initnei'Mion of the starting’ 
n{)zzl(\ or^iga^ii, by (•()rr{'(‘tiiig th<‘ ])etr()l |evel in the cisimi. 

One of the most extoi^sively iis(‘(l, and nn<]er this 

categofy js *tiie Zenith eai l)Lirel tor, sho^^n in' tig -SU, this 
(iit)ering from tin' foiegoing In having two yinning jets as 



well as an auxiliary irt tor starting and running slow. Tina 
carburettor, in eonnnon with the foregoing exaniphw illustrat- 
mg the applicn.tion of the pressure principle to oljtaiiiiiig a 
variable jet ell'ci t, is iudcpeiident of any means for regulating 
t ie ail sujiply , in this also, he.siijea having an iiidw.tion or 
choke tube of fixed diiiieiisions, as in figa. lii and 82 . there is no 
means provnied, nor needed, for regulating the petrol supply. 
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i’o obtani this result t^vvo spray nozzles are used, arranged con- 
centrically ; of tiu'sc, th(‘ (‘(uitre nozzle, ii, deltver^s the main 
jet, and the annidar noz/h\ thes compensating jet. the lirst 
is fed from a' constant level — / e. dii-(‘ct from the ilpat cistern 
- and the other fr<jm a well, t, supplied at a lixed and pre- 
'determined rate l))^ a restrlct-ed regulator nozzle, e. The form 
and CApacity of the , divergent mixing tube, /.•, is sAch as to opjiose 
a minimuiif rc'sistance to the air-ilow whil^^ o imliining with this 
the highest \(‘locity. the induction ('Ih'ct thus produced, du(‘- to 
restriction and velocity, being just sufficient to kshI the lU'cessary 
spray whilo running v^itlfi the tlirotlle, //, full opmi, when tlie 
level in the well, ( will be at its lowest, the exa,ct ho el being 
determined by the dillerential cajiacilh's of the annular orifice 
of 0 and tin* ])lain orifice in tlie choke nipple, c. l^ow. on ruiining 
with .the throttle, h, say, half closed, in ordinary circumsfunces, 
either the induction nozzle, /,•, would liave to be moi-e resf-ricti'd, 
or a supplemenf.ary air valve proNuded between tins nozzle and 
the throttle, partly closed, or again, idtliei the jiressure in the 
float (astern be imn-i'aM'd, as in tig, 30, or the jet, oritici' inci’caised, 
as shown in tigs '20 and 27 . or this effect obtained by the use 
of a progressively opened multi])](‘ series of jet nozzles. Jn this 
carburettor a constant mixture, or what is the msii-est approach 
to it in practice' (as really the mixture re([uires to h(' slightly 
richer as tlie volumi* sii[)])lied to the motor is reduced), is 
obtained by a variable level of the ]M‘trol supply to the eom- 
pensating or seexindary spray nozzle, for instance, witli the 
throttle half cJosed the level of the petrol in tlie well /, will 
rise from 1 to 2 inches, wliich is approximately from one-fourth 
to one-half the total dc'piession fielow tin* throttle, aiyl thus is 
seen to have a materia! effect on the proportionate supply of 
petrol to the volume of air flowing past the two nozzles, z. 
Now, on further closing the throttle the level in I, by reason of 
the reduced uidm'tive effect of the air-ilow plus suction on the 
petrol nozzles, will rise still higher, and tin', proportional duty of 
the 'outer jet be greater, thus compensating for the reduced 
depression below the throttle. Again, with tlie throttle quite 
closed, as shown, e*xcepting for a slot, /, cut opposite the jet 
prifice, s, there will be so little depression below the throttle as 
to bt! insutficiimt to ovi'rcomc the surfac.e tension of the lii^uid 
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in the jet orifices, for tlie reason tliat the’velocity of the air past^ 
the primary ai?d secoiufary nozzles will -be^ so low as to have no 
^naterial ('fleet on llu; petro^ conl.ained thendn* although less than 
one-lifth ^)f ^in ineli fioni the top. In this position, however,* 
the suction juid air vehjcitv acting on the yuxiJiary 07 ’itice, i?, is 
sutiicient to cause petrol to 11* w up the immersed tube and be 
pn^jected across flie airdlow as a fine j(*t, ♦'ven ^<'itll the^notor 
just turning slowly,, and, what is more important, w*liile pulling 
over the starting liandle. 

(7) ( I'ffars ‘ni wlurh a nu'udfh’ snd^on fjd’ci Is pro- 
diirrd l>if snini/tanf'ons mnlrol of thrairaiid tntxtfive ^ip flies. 

—Of all th(i dilleK'id nudhods used to supply a mixture of 
eoustanf slr('ngtli. or what is sullieiently near to this for smooth 
aiid economicid running of a mol.or over a wide rajige of speed 
and pc/vv^T, Himulta n.s us control of the air and mixture sitpplies 
is by iar tin' sniipK'st and least subject to derangement under 
\’ai'iable conditions, a,s with this method flu* jet orifice and 
pressin-(‘ on the petrol feed can be constant, wlndJici- the air and 
mi.v’iJH' su})pl:(‘s aie contr(»lled by a singh' compound throttle, 
as ■' I vvn in tigs. 14, 2b .‘14, and 115, or by sej>arate throttles, 
inb n oniu'cted. A (‘arburettor of this tyfie (( dandel-Hobson) is 
Tsliown in tig. 114, in which the petrol nozzh' ])roj('cts right into 
the o'lig throttle, //, the air portway in this being so formed 
that when turmsl b,. t in' position S a narrow slotway extension, 
enables the aii’ supply to be nearly shut off, and, simultaneously 
with tills, !or ih(* mixturo ouf let, c, to be reduced, as shown in 
dotted lines, llu'se two openings being so proportioned, one with 
the other, that suction on the jietrol nozzle is then just sufiicieut 
for the air suppliial (the exact opeiiiug of the regulator being 
determined liy the set sen'w, /) for easy starting aifd in the 
reipiired volume foi- the engine to lain smoothly at a low speed 
unloaded ; the position of the main passage in the phig is then 
horizontal. What may be considered a subsidiary feature is 
the use of an atomising cap, c, having perforations in line with 
the jet and around the base, UiUlS causing the spray to issue 
across the curr; nt. 

,.,In the White and Poppe carburettor of this t^^^’pe, with 
double-pirted drum throttle, the supply oi petrol is graduated 
mechanically as well as by ditlerence in suction effect. In this 
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make tliV orifice at the-iajd of the petrol nozzle, whicli, as in the 
pre\'ipus iiistaiiee, ]»rojeets into tlie liollow throCtJe,*Js eeeentrie 
to th(' e(‘titre ol’ tlu' iliiotlle eliaiiilxT , fitting over this lixi'd 
nozzle is a ea]f tormin^j; ’[)art of th*' throltB' drmii^. j,n the top 
of this cap is a spray oi'ifiee, winch exactly coiia'ides with the 
"^jet onHce in tin* top of the petro,’ nozzh* wlnni the drum lliioTtle 
is in doll ((pen ])()Sition hut which, on closin^^the throtile, is 



Fic. ‘M SiiiL'lc i«'t f.nlimcttni vnUIi jilujf l}inailp-<niin(»llt‘(l a,ii jiiii] inixturo 
su]i|il](-s; shown with sjK*i ml iitoniisiji^ c.iji toi sUinii_t; •uid ruiiinii^' slow— 
( ’laiuh 1- ! l(d)Soii 

more aniJ more e()ven*d, until, when moved into position for 
startinyr and slow* running;, the jet is i educed in capacity to 
that just sytiicamit to form a stroni^ mixture with tin* then very 
reduced volume of air supplied As in fi^o d4, tlie air and 
mixture supplies are regulated together and in a practically 
direct ratio, l)ut diHer in this inatanc.e in simultaneously 
regulating tin* ])etrol feed. Obviously, the method adopted for 
this h'lids itself for precise, adjustment l)y slightly changing 
the relative positions of tlui ported liner and nozzle eap with 
the fixed nozzle. 
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In the Miller carburettor a .similar fesult is obtained by a 
combiiiatiort ol* a mixture wino tbrottki v^itli a bollow piston 
for the air supply, and t< 4 ]>er-poiiited re<^nd/itor for the petrol 
noz/.le, alUin^u-conneeted, the mecbaiii.sm bein^^ afran^md so that 
both the air and |)etrol suj)pli<'s can be conveniently adjusted 
relatively to eagh other a,nd coyectively to th<‘ mixture throttle; 
this carburettor, therefore, with ii^s ventui'i jrir noz?:h', (amcfnitric 
boat cistern, and smuttier control for tin* air suppl_>^ althoilgh 
included as a modified form under tliis cate^;or3^ materbilly 
departs from the unirjue simplicity of J.in‘ plu^-tbi ottle type, as 
sliown ii) ti^. b4, witli non-adjustal»ie air and pettol f?ti|>plies. 
Owint; to tbere bciiii;' no ^n-a,vitv nor sprinc-- loaded regulator 
valves, « ai'bur ettors eomin;; under' this cat(‘c;orv an^ }>eculiarly 
adapted for- a.iu’o motors subjected to c.xtr'eme inclinalions and 
changes i.f temjxu .*tu. t;. • 

'The ^lallacher-d ompktns is another sin^h-control carburettor 
without, cravity or sprinc-loaMed supplementary air control; 
this, I'.owevei' dillei'S from tire for-egoing in having a combined 
mi\ ute and eir supply Irollow piston throttle ddiere are also 
tw etiol nozzles leading into a divu'rgmit mixing chamber, one 
wi' ir a, screw-pill, hand-ad ju.sted jet, and the other gradually 
broui^bt into action b}’ tlie pistorr throttle after starting. In 
this as in all throttles — wing, plug, oi ]>iston — the ratio of 
opeMing to air'-way^ tesseus eorrsider-ably with the opeiring, and 
to e(jualis(‘ tliis tlie clo.sing edge in a ])hig is inelined; and if^a 
wing Ol lilt-valv(‘ throttle, tiiis should he opened witli a pro- 
gr'essively increasing movement; and in tin' eas<*, of a piston 
throttle this must be arranged to uncover delta-shaped openings, 
and, in this instance, .such are provided for both the air and 
mixture supplies. 

The Krici' carburettoi-, shown in lig. d5, differs from either 
of those described, in that a rotahle combined air intake and 
clioke tube, /.', fulfilling tlie functions of a tlirottle for the 
mixture and air supplies, is used in combination with an annular 
pefrol nozzle, c, regulated by a screw-down valve, 'n. ^Tlie action 
and form of this will be seen to somewhat resemble that shown 
in fig. 31, in so innch as at .starf.ing, and while runying quite 
.slow, petrol will rise aliovc the annular nozzle until it covers 
the lower eild of the tube, when, with the rotable choke tube 
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and air mtak(' jjcarly Hosi'd, apd the outlet of s pointing to the 
opening, a supply of pc'trol, d('termined Ly tln^ oriLee at the 
upper end, will hcdravMj u}) direct, but, as deserilxMl in con- 
nection with tig. ol, will cease witli fuiiher niov^'iiieiit of the 
thrott](' l(iV(‘r. /o wlion, with an incr<‘ased velocity of the air 
\lowji around the base of the n)’xtin-e nozzle, petrol will itext 



Ft<J. <‘15 — (Jfiiliril ('(‘<■<1 caihiircMoj ui(,)i Hiiiiular liic]-|f|, ;uiii phi" (iiiottle ('iiiif.iolh’d 
au' and iiiiAhne , aKo filtod wUli an anvili/ny st-irtuig jtd Krine 

be lapped up from abov<‘ the annular nozzle, further carburetion 
being regulated by increasing suction on the supply past the 
adjustable stop valve, n The peculiarity of this caihurettor 
over the Holley is that after once adjusting tlu‘ feed with 
I engine running at full throttle a proportionate feed is auto- 
matically obtained at all lower speeds. This (dfec.t is in part 
attained bj^’the large diainetm* annular nozzle with splayed form 
of jet bcung o})posed by tlu; downward rush of air around the 
beaded base of the curved outlet, k, thus instead of a high 
velocity of air-flow ha\ing an inductive eflect on the jet, as in 
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mixture supplies. 
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rpcomnu'iidt'd Tor oi-dinary touring spppds on ilje level. leaving' 
tlie Wiird in res(n‘V(' (or 'lijlls and For Inglier s[>c('i}.s *Tlie (tontrol 



oG and d7 Tiipli' jd CMibuidln) with lolaiy did«‘ tlirnttlc contuil shnw'ii ly 
lull Dpea, staitinj.;, ci)<i,stin^, and closed ]K)Sitioiis '-lliif;^iiis A I’-nkci 

is soinewhai analogous to a threedair s\\ itch conti'olh'r on a train- 
car, the motor I'esponding in.stantly to the throttle o])<anng The 
beauty of this earhiirettor, known as th(i U.P., is its absolute 
simplicity, the rotary throttle Imiding itself b* a more unique 
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(leHip^ii tliaii one with a l)alfui(‘ed ja'stoT) control, aw shown in 
29. fr>i hist^nco, or for a Hcpjirate wiw^ (n* lift-valve throttle 
for each tul)e A^'ain, by^havin^' a laro(*r (fiaiiH'ter throttle a 
fourth jtd.^cay be used, tlms obtaining a more graduated control. 

^ In the I’olyrhoe jnultiple-jet caiburettor an^ahiiost inhnite 
graduation is attainable, but Jii4 by a, s('ri(‘s of nipjde nozzles, as* 
these would take, up too muc.h room. The method'adopteci is to 
place a tinely slotb^l thin brass shret, between two plain sheets 
clamped tojj;ei]n'i the bottom ed<(e of tlie.se dips into a channel 
in connection svitll the tloat cistmn, whih' the tp}) opens into an 
elongated air channel leading to a cylmdiical mixiifg cl TS y i ' t ' j Ji j er. 
Traviu'sing this there is a piston, which is conm'cted to another 
jiiston of larger diameter b\' a. hollow trunk . by this means the 
d(pi' 'i.sion causcsi by the o])ening of tin' mixture throttle (in this 
ease a gieduabid pist* :i ) is c.omniunicatpd to the remote (‘Md of 
tin' conlrollrr jiiston, and thus cau.s(‘s it to move towards the 
closed end of its cylindrical guide, and in so doing uncovers 
tb(‘ elougati'd air channel .serving as an induction or didlection 
pas.‘' ge lor tin tx'trol jets, to a more m h'.ss extent, according to 
tin' ’ 'ottle o[)ening \s llu're aie as many a,s tw'cnty to thirty 
nar , O’ \ slots in tl... nozzle plaU*, and as t'aeh slot on being un- 
^ovensl by the automatic air and ]M'tr<»l su{»ply piston forms a 
tiny 'f‘t, the volume of mixtuj’e iorrned is not only in very close 
rati( to any varyiiig depre.ssion, but almost exactly constant. 

( 1 he Kgulator is of couise drawn ba(*k by’ suction against a 
spiii'g.) ( )bv iv)usly it wmuld occur to a tlesignei’’ Why not 
dispense w'th the autianatic pi.ston regulator and arrange for 
the nozzle comb and air-induction slotway to be uncovered 
dmect by a hollow nkston throtllc, .somew hat as shown in tig 29 
Joj nii.swer „o this suggestion’ It has been done, but/vvas not 
found to respond so sensitively while I’unriing with the motor 
heavily loaded, as on an up gradient on top gear, the-regulator 
Uien pulsating to the thro!) of the pistmis. thendore in this 
instance, part automatie is an imjirovement on direct mixture 
control, iiiidej' oidinary running conditions 

(9) (‘(trh'iivcfioVK 01 these, as wninld be ex- 

pected, there is an increa.sing nujiiher, bearing in lyind the 
diversity in principle of carburettor design , the apjilication of 
petrol motors to so many purposes; the diPicultios of perfect 
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carburotioii ; the iact tliat fully 000, 000 carburettors are now 
ill UM' , that duriiijj^, IIki ])ast ttui yi'ars more than 0000 patents 
have been a])})li(Ml for, and oviu’ opOO issued, in this country 
aloiK' , tliah throu^lioui the woi'M there are over* 0(10 factories 
en^a^ed on tlu' supply of jictrol niotoi-s for aero craft, cycles, 
inariiu' craft, road cars, and fo# ireneral stafiopary work ;' and 
that Cor all oi thesis purposes the motors reipiire carburettors. 

With the introduction of newtu- ide».s*many carburettors 
once to the front are now inorr or less in the backjjround such 
is the penalty o/’ unremitting' emh'avour ' and as time goes on 
otlTtis*’\viirf()llow" as a matter of course, but what exactl}^ may 
be the trend of carburettor design just mov is very uncertain, 
unless it be for multiple jets and more detinib' control ■ 

Then again, for many purjioses, “What is good (mough ’ 
is be^tter than tlie more pm'fecti'd di'sigu , therefon' it is only 
reasonable to suppos<‘ tliat the tendmicy in the future will be 
for specialisi'd designs for ditl’ment purpose's 

For instanci', the (Jonvac carburettor, shown in lig. is a 
specialised combination design in pail coming under cat('gories 
2, 4, and (> for purposes sucli as I'lectric lighting, for which a 
very })erfect regulation is desirabh' In tins tlicTc is a blend of 
contra ellects, as 'when the air plungi'r, a, is down on its seat, as 
in starting and running unloaded, with the throttle neai'ly closed, 
the combined ctlectof depression and imiuction on tJe; jet issuing 
from the no//Je, can be moditii'd by reducing tin' jirc'ssure in 
the tloat cistern to the de])ression in the mixing ehamber by 
means of a pipe conm'ction, c, to tlie fixed tube within the 
convergent no/zle forming yxirt of the air plunger, u , again, that 
as the air jiluriger is drawui np hy the increasing depression 
following a further op(‘ning of tlie mixture throttle, the depression 
in the float cistern will be reduced until, with the air plunger 
in its highest })osition and throttle fully open, although the 
depression in the mixing chamber may be 4 or 5 in., there will 
be little or no (h'pression on the surface of the petrol, — there- 
fore a veyy facile adjustment of oyiposing forces can be made 
by the vent cap, c. As with all gravity -closed air n'gulators a 
choke passage is yirovided. as at 7, to damj> out ciscillation, and 
as there is no other adjustment excepting the vacuum cap, c, a 
carburettor of this design, properly proportioned and constructed, 
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lends itself for bein^^ easily tuned to the particular running 
conditions ixjufrod. • ^ 

The Raytield is anotlH*|j variant fioin (‘i tiler category, being 
of composite ^design, in which the air is supplied under three 
separate controls: on(\ as at starting and ruy^jiiiig slow un- 
loadtid ; aTiotlu ^ brought iido fction siinuHaneously with the 
further openiiig of the iiiixtun' throtth‘ (ctii-egory 7), tin* two 
valves being inter(^>iwe‘cted . while th(‘ third is autunuitic, and 



]''!() 'CS -- vil.h f^Kuaty-suciioii 
ai; (Miiitrol — ('uiiva^-. 


Opens only when the depression exceeds a predi'terinined limit, 
as at high s[)e(‘ds. In addition to the triple air control, the 
petrol supply is variable by nu^auvS of a linely-tapeiHid nozzle 
regulator, intercooins-ted with the mixture throtth;,^\^ach of 
these supplies being separately and collectively adjustable with 
the single-control rod connected up to tlie steering whael. 

In regard to tlie Stlienos carlaircitor, shown in tig. 39, this 
cannot be classihed under any of tlie categories nained, as it 
has no automatic im^aiis for regulating tlie quality of the 
mixture supplied, other than by the auxiliary nozzles, :r, whose 
function at starting and while running unloaded, with J:he plug 
throttle, A, with partway in tlie horizontal position (shown in 
dotted lines), is then to divert th(‘ j( i from across the nozzle by 
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means of a rapid How' of air. the throu^^li-way ^of the throttle 
lj«‘in^ tlien (dosed X(ev on turning tlie plu^^ to the })Osition 
shovvn, tli(' j(‘i aiuT air ^ill 1)(‘ dravpn atraij^hi. ihrou^li irom 
nozzhi, and (dioke tuhe, /., the auxiliary nozzles.. r, ).)(siio then 
put (Hit of activi- but in any intermediate position the ndativr 


t. t 



]r,f. on UiioUt' ('fii tiiO'tlor Avith arljiisUble plaiulloss fiK'l and 

'Jit.iliarv^niAtni.' no/zlt^fni startn..^ and niiiiiiiii; ^low- SUionns 


volume of S])ra3' mixture diverbal from the straif,dit-throu^h 
flow will vary aeeoi’dint^ to the an^de of the throtth* port, the 
method bein<: to iiuuTaae the horizontal flow across th(^ nozzle 
point, and .thus wipe olf a supply of petrol, when the vertical 
flow thiouydi th(‘ choke tube would have an inHuffici('iil inductive 
effeet,. Kor this purpos.* the hwad is maintained at the apex, 
which is broad, and causiHi to be annular by the taper plug. 
Entire reliance for varying the mixture is placed on adjusting 
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the opeiun;^ ol’ tlie nozzle hv serew, v , iliis, hy the way, is 
a frond F(‘atiy(' tii itself, as hv tins Tm;aii« a n’land at tlv' lK)ttom 
of tlH' f (mm) sci\'W is eliiiii^iated , springs ' ai a Iso provided, so 
that the uiosl^iiiitiute adpisfiumt of (Jafsen'w, n, will all*']- the 
jfsh d’iie a'-tuai of (his (‘ai himdi-or will tln),^he ,sec]i to be 
not dimply a ^anaut of wisti^jy^ ])raetiee, but to rcyoilate the* 
iTii\tin<‘ oil a. ifietliod radieally dilVetcnt froin^any otlus’. • 

In lilt* \V(>lsh «a^anettor a constant nnxtnre i*s snjiplied 
by a method hasisl 011 the theory of ditierential niomenturn 
valut s Thr Ml t^olmini is about sixt.eim tim('sJoiiyo»i- than the 
eoluimi in tie' pv'irol nozzh' to ba.lanci' the two Knidif^idie 
idea is that h\ iitiiiMii^ t his pi ineiple any \'ei“\' sli^lit diirereiu'C 
in the ai>- thwv, dm' not. (ady to sjx'ed of the motor, hut also to 
varyino \cIoeit\ ol tlie jiistons, is eommuniiaited to the petrol 
feed, t!ins ohtaininy an almost inhnitel^^ jan-feet mixture. • The 
elieei of fiieUon ol lluids of dith'rent dmisities is also utilised to 
corieet eai hurelion at dith'nnit tenijHTatures of the atmosphere. 

1 he eai huri'ttor, hovvevei-, is e\C(‘edin^ly sinijih^ and consists of 
two uiiall mntur(' tubes a.rran^ed side by side m tln^ centre 
'i' jietroi cisi.ei-n, with a eoneentric Hoat littinyr around 
! I^do thos two idioke tulx's a series of small nozzles, 
^ch \('rv short, jiroj.rt The fiottom ends of the mivtiu'c tubes 
lead into a throtth' easin;;, and are opeiu'd proyn-i'ssivoly by a 
]iart rotai y movi'inent of a seo'immt tlirottle The feed can be 
luiiiut.i ly adjustiMl by a diallerl seitinji- to put jets of slightly 
ditleient, sne ,nto eommunieation with the tubes. 

in all caj but et tons heat must be supplied to compensate for 
that absorbed durinu the process of evaporation of the jet, for 
without this the suifaee adjacent to the jet wall eventually 
become coated wibh ice, caused by the moisture in the>ir, and 
the exterioi- of the carhurettor will become white. Ajtvopoi^ of 
this, the wu’iter w ho in an experiment made with a thr('*‘^cylinder 
Vdn xS-iii. ^(nt.ical launeh enginiy having a earlmrettor, as 
shown in tig. ]2, found tliat t.he whole thing got so .solid wdth 
ice aftnr twenty minutes’ running on full throttle tliat Jhe engine 
stopped. On (p.iekly taking the parts adrift, the mixture pipe 
(1 75-iu. l)ote) w’a.s found reducecl to OS in., and th^ mixing 
■chamber almost solid , this was with Pratt's gasoline, s[). gr. (ISO 
whieh is, of eoui;sc, much more volatile than the heavy" motor 
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spirits now obtainiible . this shows, liowcvor. that even with 
the most volatile petrol heat must be supplied, not necessarily to 
assist evaporation, 'but to prevent tin; moisture contents of the 
' air from frec^zini;'. 

Thi're ar(' t,vvo methods of supplying the heat necessary to 
prevent condensation, and also t ) assist in the vailatilisation of 
petro’s ol iniAcd cenjiosition : one, by jacketin^f tiu' carburettor 
(shown in tii>;s. If), 21, 2*1, 2h, 27, 2<S, and '■^1)) and connecting it 
by two small })i])(“s either to the cylinder jacket or to the 
exhaust As to oreference in this if the motor is to be worked 
in tL’’viiinaLe not falling below freezing point there is some 
advantage in tla^ hot- water method, especially in motois liavinj^' 
the exhaust pipe on the opposite side to tlu' earburtdtor, but as 
the ditieience. in e.lfect is \ery slight, it resolves into a mattoi’ 
of expediency rather than of ellicieiuy' , one advantage*, how- 
ever, in the Jacket method is tiie (dimination of the air ])ipe 
(shown in tigs. 15, lb, 17. 25, 27, 2'S, dO, 32, 11(1, and d7 ) and thus 
makes for a neater const ruction Jn<h'ed. in some carburettors 
there are so many air inlets that to connect only the primary 
supply to a ])it)e, unless for the ]uirpos(‘ of pndieating the air, 
would be ine.onsistent . therefore to have both an a,ii- pipe and 
a jacket is unnect*.ssary. The, advantage* ol the air pi]>e. if useo 
alone, is tliat it lends its<df conveniently for temperature control, 
it being usual to draw from a sleeve over the exiiaust pi[)e when 
i^tarting and I'uuiiing easy, and to admit air direct by some 
simple form of shutter or wing valve when on full load, this 
being connected to an indexed contrid ; this is rather a good 
plan, as some low-gradi' petrols re(juire a higher temperature 
than others, but in general practice* the cooler the mixture the 
better tlip rinnnng when (ui full load. Although not necessary 
on either an automobile oi- a. motor boat, an automatic, device 
■for regulating the tem[)eraturc is useful on motors recpiired to 
run on a variable load unattended, as in driving a dynamo, 
and to that. (3nd the method shown in tig. dO has been devised. 
This consists of a c.orrugated cylindrical case, c, containing a 
liquid boiling at low temperature, such as alcohol, and placing 
this in a* chamber open to the exhaust, one end of the expan- 
sible case is ilxed and the otluir connected to a flap valve, d. 
On the exhaust exceeding a predetermined temperature the 
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iluid will expand io hucIi an extent as to jopen the dap and thus* 
admit eold all-, a.nd a^-ain, wlnai i‘unnin^ on, a light load, with 
the tlirottle j>artly closed ])y the govenioi •the teiujierature of 
the exhaust will fall, tin; (^ase eonta-aet.^and the ila]) he partly 
elo,s(‘d, aiittjinatieally putting the earhiindLor into eoniiection 
Viththe hotair supply, thin l)y accurately projiortioning and,* 
candully aujusttng the essential coTujionents of tjiis devipe it 



would seem to hi* possible for an even temperature to be auto- 
matically maintained o\(‘r a wide range of load. 

lhat two-stroke petrol motors have not lielda positioif* in the 
front liiu' 18 a- little disappointing to many, especially as thetwo- 
strok(‘ principle h s Ihhui turned to such good account Jor both 
gas and fuel-oil migiues of large power, tliis is the more surpris- 
ing, as their construetion is so simple relatively to the cam-valve 
four-stroke motor so largely adopted for cycles, motor boats, and 
other jmrposes. Tn practice;, however, thiur simplicity is inore than 
oHset by a gi-eaim- consumption of both petrol and lubricant, 
cdupled with their inability for that? wide range of speed control 
now in geiwu-a.l demand. Tlie principal reason for this is the 

6 
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method of pumping a mixture of petrol and air, either through 
tile ei'auk chain her, oi\by an extension of tliC' motor cylinders, 
whicli ill any case is hmciMl into the power cylinder while the 
^ crank is i urning round the outstroke cmitre, tlu' mixture being 
in part deth-cted by the iiiston to jirevent it passing (jut witli the 
exliaust At a criti(*al sjieial sijcli rnotoi-s can be made to .work 
tohinibly wejl, but wlien tlu' speed falls Ix'loA that for which 
the inh'txuid outlet port openings have biMUi ([(‘signed, more 
or l('ss of the pfdrol mixture (‘scap(‘.s with the exhaust: and 
again, at higher s]>e«‘dH the tendency is for the inert gas to be 
rek^»'f'd , t.his is why t\/o-stioke moi.ors cannot bt‘. run at high 
spi'cds with a. high ethcaency. Now, in the A. V) vScholes motor 
(Hunt & (\), Millwall) th(‘, power cylinders are tirst thoroughly' 
hushed by a cliarge of air, and then, but not till afti'i the exhaust 
outlyt is (dost'd, a chargi' of p(‘trol mixture is fonaal in. The 
flushing charge is constant for ail speeds, and is not sheeted by 
the control [dug ustsl for the mixtaire su[>[)ly , thus tlieie is no 
loss of pet rol ith the (‘xiiaust under any circumstance whatever. 
This Dioihii^ <>i>('rini(ii will oliviously suggest the use of (‘Ither 
two sets of compri'ssing pumps, or a set of jictrol-ipjectiim 
pumps, -but mnther is rt'ijuired 'the method ado})ted is to 
■ divert a- contivdlable part of tln^ air from the comptessors {in 
this (X'lse tlu! front ends of the power cylinders) thiough a 
spociallx' (h'signed carburettor, as shown in hg. 4d . this, conse- 
(juently, woirks und<*r c()n,stant-pr(‘ssure variable-volume con- 
‘ditions Th(‘ air from the pumps (in this case three) is forced 
in at (g heiu'e either the wh(h(‘ of it, oi only such (juantity as 
required for tln^ particular running condition, is forct‘d through 
the cou-diverg(‘iit, nozzh's, k, r, to the chamber, (/, and thence via 
th(' return pipe, t, portw^ay, Ji', to the inlet manifold, 'ni, of the 
power cyliiidei's To reduce the powder the (iontroller, r, is 
turned, so that a portion of the air entering at a— which, it 
should b(‘ borne in mind, is always at constant volume — is 
diverted direct to the manifold, the port opening being iiidi- 
cated on tlu' dial, /. Petrol is supplied at constant level to the 
float (dstmii, c, from a [iressure tank connected up hy the pipe, s, 
The pri'ssure in the cistern is always in equilibrium wdth that 
. of the air siqiplied at a, as it is connected tliereto hy a large 
Vialancing pipe, h. Petrol is drawn up the tube, yy by induction, 
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online oti benzoline (sp. ^r. 700), inu<;h iin})()rianee was attached 
to the fact that tlui enii,in<‘ could })(‘ also run on ^■!Jis,,and wnthoiit 
the sli^lib'st alh'i-aiion , sinc(' when many eno;ines, vertical and 



horizontal, hava^ been construct(‘d to his dt^signn to lain on either 
gas, petrol, or parallin, according to the ('xigence ol tin* moment, 
the change (na‘,r from one fuel to the other being instantly 
feasible on full load. Jllusti’ations of tb(‘ apparatus used for 
this are shown in the next chapter, while that in fig. 42 shows 
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the application of this carburettor — which, as explained, is base(f 
on the inspjratlvc pi-inciple — as an aiixjliary attachment to an 
ordinary petrol carburcittor. All that is imeessaiy is to attach 
it to tlie main air inlet and*connect U]) tf) the o-as container by a 
pip(!, (j essential featun* of this mixer is the strong induc- 

tion etlect of th(‘, annular fecd,^o and venturi nozzle, 2 , another* 
is the aiiUjiuat'e val\e, e, which can be set jiy tin; refrulator, 
to suit any slight ^lif^'eience* oi pressuie in a Ilexibh* container 
or as supplied by the KsJiicini;’ apparatus from .a compressed- 
o^as Hs*('i\'ei Thf uas to the motor is regulated by the feed- 
valve handle, die \alve sbmi bein^ |frovid('d with •an i’» T.^ed 
dial and pointer there is also a spring under the dial for 
takino n[) all slack in t h(‘ tin eads and for holding' the setting 
of the feed, which is imjairtant ddie mixer can be attached to 
the main air intake ( 4 ’ tin* carburettoi (‘ither by a flange b, or 
by mi Mitervmnng i“>nnection as moiv convenient; tin' bore, r, 
should (‘otresjiond to that of the air intake. A compimsating 
plug, /, is ns(‘d to ada,pt tin' bore of the ventui'i nozzle, c, to 
th(' "xacT running conditions, and may be locked in position for 
run nng on gas only . although when the mixer is reipiii'ed to 
sf')' _ -IS a. coml)i’»ed petrol and gas carburi't.tor, and is provided 
<f/ith a second feed valvi' leading to the annulus, n,, the plug, iy 
must be fitted as a ]mlsator and be provideii with a spring and 
presimm adjustment as at /, so that the air supply shall be aiito- 
maticaily regulated to the petrol feed at different speeds and 
throttle op( m tg. 

Ill emiseijuence of tiie sudden big demand by owners to 
hav(' their cars converte.d to run on gas, it is not to be wondered 
at that many crude methods have been adopted, a gas auxiliary 
feed lendiiig itself in a more or less makeshift manner, by 
simply connect] iig the supply pipe eitlier to the main air intake 
or just below the Jirottle. By such a method it is ob\;ious that 
although the feed can be set to suit the average speed of the 
motor, the fi'ed when ruuning slow will be much in excess of 
the requirements, and will be inadequate when opened out for 
heavy pulling. No wonder, then, that one so often sees a van 
struggling along 011 slow gear, when with a properly pro- 
portioned mixture it could be driven on top. True, wdth gas 
there is a wider range of feed than with petrol, but, even so, 
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it has been conc1usiv(‘.ly yjroved to be iniocoiK)iiiieal to regulate 
an engiru' by tJie. gas alone witli the air snj/ply^ at constant 
volnne' , convM'rsely, it is also liad yiraet iee to regulate the volume 
of mixliifi' unless liot.h 'gas and air are varied togetlier . thus it 
is obvious that to allow the gas to stri'am in the ^^upply pipe 
‘under the ^nln^striej,ed pr<‘ssure, ot* th(‘ container, the inixtiife, 
while possi])ly approximately correct at one sy/eed, will not be 
80 at any ('•tlier, and, worse, will be lean )ust when it should be 
rich- viz on o])eu throttle. 

As to tlu! relativi' values of gas and yietrol,* luiturally, volume 
for^’ -bimo there is an Enormous disert'ytancy, foi wlnu'eas I lb. 
of gas will (Hsaipy dB eub ft , it will laspiiie from dot) to 240 
cul). ft., of gas to be (sjual to J gallon of pi'trol (sp gr. 700 to 
7d0), and as many brands of motor spiiit exceed tins density, 
the gas eijuivalent in such ease must Ik* taken at a proyiortion- 
atidy grciiter volume, d'lu* calorilic \ allies of gas vary sbgbtly 
according to the <]U}ility of coa.1 and yirocess of distillation but 
may be taken as apjiroximately ()2() J>Th lb per cub. ft at GO" 
Falir. Temjieiature is more Important tluui witli p<*trol , for 
wher( 5 as a dittereiice of 10 ' M'ill only have an etlect on a volume 
of 2 gallons to imike this measure one-sixth of a ])int, more or 
less than IG, 10 ditferencc in temyn'rature on a eolume e/ 
4S0 cub. ft. of gas, which is the (Mjuivaleiit of a 2-gallou can 
of peti’ol, at t)0 Fahr. will mak(‘ this measure 9 cub ft more 
'or less, according as the ti'inperature is higher or low(‘r, thus 
witli tin' tcinyK'rat.uK* at 40' , the caloiitlc value ol gas sujiplied 
will be T) ])(*r cent givater than tit 70 . although of the same 
volnuK' as indicated on the meter. How('V(;r, this is not a 
point <4 much importance ; wluit really mattm's is the ('xeessive 
leakage* that sooner or later occurs in the container dut' to tlie 
rapid deterioration of tlie Fabric. 
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1A)1( many years, fullowiiifr tlu^ practicci first rated in 

JV'nnsy 1\ ;inia oT drillmg lor oil (185})), the most [irofitable con- 
stitueet of crude ];eti*>leuni was the distillate known in America 
as iver iHtme and as parallin in this country, this luhn^ the 
second series c'nnin^ over from the “still ' during tlui pre- 
liminary proc('Ss <d‘ distilling tin* oil in its crude state. The 
hrs^ series are the lienzines, etc, now so valuable I'ot' motor 
Mpi 'i* wliich until the discovery of their gr(*at advantages for 
hi;, . 1 - ^peed engines wau'e gemually considered as being of in- 
•julHcient value for barrelling. The lamp-oil sm*ies owes its 
nair.e to the fact that crude oils containing parallin wax, knowm 
as tlie parallin seni^s, in contra.st to otlier oils (‘ontaiuing 
asphallum, give-olf a higliei p(‘re,entage of distillate of such 
nature thal. \v'hen subjectiat to various processes of ie~distillatioh 
and relinement are found so valuable for wdck lamps in use all 
the world over. This prodmd is a more or less pungent pale 
blue or sti-aw-coloured, iimjud, and very penetrating oil of about 
0-8 the weight of water (ranging between sp. gr. 760, daylight; 
780, tea-rose; 800, rock crystal, 840, russolene, etc., according 
to the grading cmd origin of the oil). All these show only a 
slight trace of inflammable vapour unless lieated to a tempi'.ra- 
ture higher than 100° b^ahr. (83° closed test). The legal test 
regulation varies a little above or below this in different 
Countries, according to climate requirements; oils flashing under 
800 are not considered suitable for the tropics, and are not 
generally used for ship lighting,^indeed, lor coast lighthouses 
and lightships there is a special brand, known as Trinity House, 
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Vhat has a ilasli-poiiii ()i* J5()'^ close- test, ui which oils all the 
more volatile elements are thoroughly distilled out, h*;>vin^ a 
j)roduc-t of more even composition Since the increasingly great 
demand lor p(‘lrol aios(o newer procfA-^ses ha\e l)(‘cn evolved, by 
which most of the lighter paiallin oils are s])lit iip^ii/d thus lose 
, their mor(! volaVnIc (dements. The iiaLhod adopt(‘d is to stirinn 
heat the oil to a. high timiperature, when the r(‘sfdtant xajxun is 
condens(sl ynd retnrmsl lor n'O'vaporatioii for such a jjeriod as 
found neei'ssai V for :l m(.)re or less gemu’al moh'cular l eeonstriic- 
tion, known as “((racking.’ By this means ehe jaa’ismtage of 
motor sjurit can*' be consi J(;rahly increased, and, in coiis('(| uence, 
a new grade of }>ara,lHn oil is pioduced having a higlu i ihmsity 
and ilash-point. This is (explained at (‘ouhiderabie l('ngth in 
Od Fuel (Is Supjtlt/, Coin /Htsif loti , and A f>j>l mdion ‘ 

ibjr power purposes paiallin oil ca-n b(‘ used in a vaMe(\’ of 
ways: in a series of hlow-tlame burners loi raising sleam, oi 
in one ol many \'a[)orising jirocesses ustai in conneehon wnth 
internal combustion (Uigines, in all of Avhieh the oil itself, oi- a 
mixture of spray and air, must b(‘ hea(.(*d, either by surfactj 
coiitact or by su[)erlieat(‘d air. 

Parallin, unhxss very linely comminuted, cannot lx* ignited, like 
petrol, in a motoi cylinder without sonu' lujat-trea.tnn'nt d’here* 
are a number of vaporisers in us(\ all of width may b(‘ included 
under t\vo categoru's one, (hose adapU'd to tin' ordinaiy lorm 
of gas or ]ietrol engine without alt'uation to thec\lind«‘i , the 
othtir, thos(‘ that. re{|uire a special form of combustion cliamber 
and feed mechanism for eatdi cylinder of the engine. 

Of these, category I may lie subdivided into two classes, 
viz. • — 

(1) lii(Xlornal ‘‘ exhaust-heatial ’ vaporisers. 

(2) External “ tlamteht?ated ’’ vapiirisers 

And ciutegoiy 2 also into two classtss, viz. 

(3) Vapour-feed jacketia] vaporisers forming jiart of the 

cylinder head. 

(4) Inj(.fction-feed un jacketed vaporisi'rs, also forming part of 

the cylinder head. 

Ot/ Fuel ils Siipfthj^ < .'iimposdtou, <i,tid Applndtton, by tkhvunl Butler, 
]) E. ((yliark^s (Jritfin A (Ai , Ltd.). 
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Exhaust-heated Vaporisers.- — Alilmu^di carbu- ^ 

retted air, Hpr-y injection, and jet atomiser peti'oleuin -spirit 
ene-ines had ])een in list' on tlie (^aitinen* since IS.SO, and still 
continue to be us{;d in Anie*iea in eonsi(^‘rable sizes i'or ordinary * 
statioiia-T y^Uirposes, it was not until live y^ears latei tliat atten- 
tion \v.Ls eentie^l on adaptin^^ }^\ (uiuine to run direct on paraffin’’ 
as a self eontidiKMl unit Hunnes ilu-n took,u]) tlv^ probleni in 
association with th^; tp-ni ot Priestinan Ilrotheis in cfrliaiKiration 
with Eteve, to modify tin; latter’s compressed-air petroleum 
s])ir't eaj'buretloi* as a. ]>ai-affin vaporist'r ly this the same 
im^thod oi aton isinj^- Iw a compressed*air jet (show«i in 48 
and 44). by Ete\e, was used in combination with an (‘xhaust- 
ja.eketed <')i.imher patented in I cSSb ( Sid 1 ). Factors of iinport- 
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anc* in \ a[H)risin;,^ successfully tin' heavim- grades of paraffin 
ods, sUvh as those us(‘d for coast siren comprcssois, for instance, 
are the at»mi)S(u- and combim^d oil and air regulator, M, under 
governor control Air at from 10 to 15 lbs. pressure is sup- 
plied to tht‘ annulus sui rounding the central spray nozzde, to 
which the paraffin feed is connected at K from a tank at the 
same pressio'e. A wing valve on thi' oil-regukdur i.>!tig stem 
simultaneously controls the diluent fiir, a back-tlow interceptor 
being provided au the ndet. A, for the reason that wljereas the 
mixture adinission along C is intermittent, the spray and atomis- 
ing air is continuous. A great uumber of these (mgines were 
installed for pumping and electric-light woik during the period 
1888-J900, a small engine of tliis make being exhibited at the 
R.A.S., jVottinghain, in 1 888, and another, which was then without 
a competitor, was awarded a prize at Plyn.outli tw'o years later. 
However, since the Cambridge trials in 1894, where seventeen 
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en^inuH of ei^ht clifferoni makes W('re s]K)\vn in open competi- 
tion, t!j(; Pri(\s(i)ian en^nm,*, owin^' to its cost And ,eonip]exity, 
found its(dF 1(‘sh and'iess tlic vo^ue, notwltlistandini; its nnnark- 
ablv smooth and rei^nlai^ runnini;’ ’ ^ 

In tlie (irdiin (‘iigiiic, bronn;ht. out sonu! years I alb r. a mo(ii- 
form of ttjft saint* type, of, vaporiser was nst'd In. Ajiis 
(bo's 45 and M^) u piixture of paratlin oil and a.ir was sjtrayed 
under prer-suit* into an exhaust lieatt'd^ e,hamh('r of similar 
construel ion, the illustration (fig 4.5) shelving om* ada})ted for 
a t\V()-e\ linthn marine engine, A ft'.alure ’'In this \aporiser 

is the hand-\vlu*el elampeti 
cover at the exhaust t'lul 
for gaining t'asy access to 
(.lie corrugaUsl inner eliam- 
her tn eltain t)uL deposit 
Anotht'r IS tht' atomiser 
(tig. 4(1), in which oil and 
a,ir sujtplietl at 1 0 to 1 .5 lbs. 
pU'ssuK* is sprayed from a 
mtzzle.as in tig. It e\e<‘pt 
ing that the oil is [rd into 
an annulus suiaounding a 
eential air p't siipjilied 
from a jmnip to t.lie eon- 
m.ction, I) Air enters at 
tlie end openings, A, leading iliieet to the inner corrugated 
chamber, wlu']-(‘ it mixes with the atomised spray regulated 
by a plug, Iv , thence the vapour and air mixtun* Hows ma the 
outer jacket, together witli a further sajiply <*ntering through 
the shutter valve at the side. Between tin*, air jacket and 
the exhaust tlu'n* is a small communication to allow a little of 
the exhaijst to mix witli the air, for the purpose of dam])ing 
dowTi the tendeiiey for paraffin mixtures to debmate when used 
in emdnes running under full load, tliis tendency increasing both 
with size of eyliiider and compression. 

The next earliest paraffin-oil engine to the Prii'stman-Kteve 
was the Smyers, introduced from Belgium in 1887 liy Bryant 
Bonkin. In this there was an exhaust-heated chamber, from 
which the (uigine aspirated its supply of vaporised paraffin and 
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air mixture as iu an ordinary ^a.s im^ine eonstrueted to work on 
the '■ char^^-cui -Old ’ iroviirninj^ systen; as tlum used in all gas 
engines. Tlie eliargiss of paraffin weni inje(*<‘d into tlie vaporiser 
by a pump, w^iicli was put out of aetion^in synehronism witli the * 
admission Valve. ^ 

^di<‘ vapoi’i^ing method pj^tmted by the writer (No, (!99t>/ 
in ISdO, and now gmun-aily adopted in all Jiigh-Sfieed paraffin 
motors of the (‘le^dj^ie-ignition type*, Tor motoi' Ixuits, lorries, 
traetors, and motor ploughs, as well as in tlie numerous high- 
speed statiomui'y ^migiiu's of small siz<‘ was (ksigned to start 
cold on beiizoliiiti (tin* ispiivahuit of patrol as now Aindea*‘^t,ood), 
am] t(! Ignite !)\- n high-tension spark gern'rat/cd by a bichromate 
paste, battery and <‘oil Two <‘ngines on tins system were 


Aa//a? Exhaust 
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enimed at tlie Cambridge^ HAS trials in l-Sdl by C-larke- 
(diapman M (\),one a 7 -in. s Id- in stationary engine rated 
at S b.h.]r, and the other a It; blip portable “ >y7/-,s/o Wobn/” 
engine, with a I O-in. /. Lll-in. cylinder. At this period, how- 
ever, great prejudice was e'vinccd lowaii'ds electric ignition in 
its then stage of development, also towards (hi; use of a non- 
flash-proof medium, howeviu’ negligilile in ijuantity, t<v«tart on. 
But (tnnpovd Diiitumi ur, and now motor spirit (peti'ol) is used 
for all sorts and sizes ol engine.s, and isoi lar greater importance 
than paraffin. In tln'se engines there is a small cast-iron cistern, , 
holding from 1 to 4 jiints of motor spirit in one compartment, 
and a feed float in the otlier for the paraffin supply at constant 
level ; either, or both together, of the two fuels can V put into 
communication with the vaporiser by a two-w'ay jilug witH 
indexed dial and pointer, so malting it p issible to sfart with- 
out any preliminary heating up, cud to “ c/nnii/c over'" from 
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starting to riiiming oij in from I to 1 5 iniiuitt*, and after an 
hour’s stop in l(!ss tluin half a niinutt'. (Juriou,sly, at this 
time it was prefer>-eh lo start by a, bloW“llanie, ev(‘n if it took 
an hour to i:jet away, anh Iry rtapj<!st*a number of ^tlu'se ens^ines 
wei’e supplied with tlie vaporiser aiTaiii^ual to be htjated by a 
•blow-llamc^ as an ali.ernati vc; to, tin- elian^c-ova'U m(dhod:*but 
in all cases, after aii experience of the cleanliness and case 
associated v/ith tlie use of a small (juantil}; of benzoline to start 
on, this moi‘(' convenient method was prefeiK'd. 

As shown in lig. 47, tliis change-over mtddiod lends iisidf 
e({uallj: weH for using ga^ as an alUnaiativi', in whieh connection 

as it is an advantage to 
alt(‘r the com])ression, tin.* 
small end of the connecting 
rod (wedge-block jKittern) 
is lifted with two pack 
ing jilates, both o) which 
are tak<*n out when ]H'r- 
manently deciding to run 
on jraialhn; oin* plate is 
left in when d(', siring to 
run on either fuel, accord^ 
ing to the <‘onvenience or 
exigence of tin* moment, 
ainl botli plates inserted 
when ivrjuiring to run cmi- 
tinuously on town gas This form of vaporisi'r is fitted wdth 
a small ducX (amnecting the passage down the hollow - feed 
regulator with tin* (*xhaust, to sup])r(*ss e<cessive violence of the 
explosions when using paratlin on full load; it is an advantage 
also to Ilf a bye-pass (*onnection Uj sliort-circuit a portion of the 
exhaust dir(*ct to the outlet jiijjc, as tlie tendency when running 
on full load continuously is for the vaporiser to get overheated. 
This, however, can be neutralised by a water feed, as shown in 
fig. 47a, which illustrates tlie standard design of vaporiser for 
petrol -paraffin (!ngiin*s with cjdinder over t)-in. diain. In this 
the engine is started on petrol, with the regulator, JlM, opened, 
as markeef on the dial , then after one minute or so the regulator, 
PN , is opened to the starting positions, also indexed on the dial, 
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iloat cistern . The iiecjc of thf* inspirator, A, is surrounded by 
an annulus, into which rach of the three mixture b'cds com- 
TTiunicates direct, tin*' ]»<iradin-a.tomis<'d inixtui*e ])y tin* passage, 
PV, leading i,o tin* m<‘]] >!*V, down wtiicli (‘xtends a pij)e, so pre- 
venting tin* spi-ay from shorting more <]irect to tin* inspirator. 


a To (*hian the vaporiser the c()V(‘r is removn*d^thus exposing 
to view tlie intei’ior of the well and tin* exterior surface of the 
inner chamber bonm't , but this is only necess^.rv afti'r 500 to 700 



Kk;. 47 \ — liiiLlci ('\lj.iust IicaU'd loi soil' stai Uny j»ptr(»I-}>H!!il!iii iMij^iiifs 

, of n; h )i ji , '.hown lull'd will) [wIidI- .iiid w.ni'i -h'cd diU'i't 1o 

the inspit,it<i! . 


hours’ running, thus in engines umsl only intermittently, this 
means oiu.e a year. In fact, engim's r>f this design still in H<*rvice 
after ovei: twi'iity^ years’ intei-mittcnt use are found to run longer 
than a yehr without cleaning out the vaporiser. 

Exhaust-htiated vaporis(*rH, whether fitted with a compressed- 
air atomisrr rtsjuiring an a.ir-pump, as sliown in tigs. 4o~4(), or 
arranged on tie* induction princi])le to utilise the inspirative 
action of tin* motor juston to draw an atomised spray of paraffin 
oil and aii^iiito tin* vajKirising chamber, are better adapted for 
two-, tbrec-^ and foiir-eylindt>r engines than those with a single 
cylinder, lor the sullicient reason that one vajHiriser, mixture 
throttle, and si't of fuel cisterns suffice, which remark also 
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ap})li<^s io \a})orisers of Uie compress(‘d-air atoitii.sor type. Of 
tliOKfi two those (le.sioiit'd to work wit)) an indueed jct^ 

are iiioro a})])lieal)lo to the lUJiiierouH purpojt's for whieli a high- 
speed iiiotoi- of the eleetrk* ignition autfnnot/iie type is in such 
demand- ,*for motor ))oatH, fiel<l and road tractors, motor 
ploughs, road ^ai's, small (deetrie-lighting and pumping install.'-, 
tioiis, as w(d] a numlaM of othor purposes for which an easily 

started, economical engine reijuiring lint a minimum ,of space is 
® 1 

HO ])ecu!iarly ada])ted 

Suhjonied aro6jistH of the more prominent mahes of high- 
s])('ed pidiol -par"thn engines- — • * ^ 

Koi- motor ])()ats ( [Iritisl)) • — Barcar, Blak<‘, Boulton & Ban], 
Britannia, Craig Daimler, Day, Djinn, Forth, CardniT, Kelvin, 
Tjangdon, Maudslaw Max, Na]>ier, Barsons, Blaenix, Rover, 
RussC' tC N('wd»(‘ry Smart & Brown, Strickland, Taylor, 
T)e-in\'('i‘ol't, Tyk'r. \\\)lseh‘y 

For marine motors (American). — Bull’alo, (nille, Harrison, 
eager, Jioew, Standard, Wolveiine. 

tor geni-ral purpo.si's, including liidd tractors (British); — 
All'i.t\s k On lulls, Allsop, Aster, Bryant, Bumpstead A (diandler, 

IJt . ey, Fowlin' Keighley, Lindsay, Marshall, Martin, Belapone, 
4\nkjn, Better, I'rice, R-ational, Saunderson k Oifkins, Walsh & 
(Jlark 

i'or, geimral purposes, including field tractors (American): — 
Aultimn., Avery, Bates, Bullock, (hse, Fmerson, Dol'd, Holt, 
Ivol-llari, Mogul, Moiiarcli J )vertiim\ Ivinmday, vSandusky. Titan, 
Wallis. 

Besides these' tliiTe are a nuiiibei- of makers wdio sjx'eialisc in 
ditieri'nt forms of iiaratrni vaporisers of the external eshaust-' 
heated types, sm h as tlie Barker, Binks, Blake, Butler, Con- 
tanesco, (Vittrel, Davis, Haddon, Halliday, Hallett. Hamilton, 
Hayes, Mathevws Noble, Notax, Barsons, Remington, Rowlands, 
Seeor-Higgins, Soutlny, Standard, Stew art-M orris* Vnlcan, 
Wesimaeott, Wilkinson. 

]*arallin vapoi’iseis ‘ of the exhaust-heated tj'pe do not burn 
out or debniorate, are easily cleaned, and do not crildv the oil 
mixture so as to yield a deposition of solids in the (sylinder, and 

^ Fully illustraUiil and di'bcnbed in The Vajfoi ..nwj of i^arojpn for High- ' 
Speed Motor'^ <j (he FAeitnc hjnition Tijpe. 
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'if used iu eoui hi nation with the inspiralivc feed met, hod as first 
used on (he Butler stationary and marine oil *>*n_i;ines, reciuirc 
neither air nor oil i.^ji'etion jmmp, the paiatlin lieini^' supplied 
direct to a small cisBuTi ko'pt at ei'instant h'Vid by a lloat or 
overflow e,ontr-ol. This system lends itself to (piiek l)‘'reHpon8ive 
action on the inruttle ]\y a ii^overnor -controlled n;i\ture supply. 
An atomised spray of water, or dihumt of inert ^as from tlu‘ 
exliaust, can also be fed into tlu' mixtun' supply in piroytortion 
to th(‘ volume of air used, in the automatic and simjile manner 
adopted for workintr on mim'ral Sjiirit at sta.iiny^ . the water- 
feed is useful for onablii.i^ a hi<];h«n- compression to be used and 
heavier loads carrii'd without ])oundinip and ^ives (h'cided 
advantage in eni^ines of lar^m power, providial the watci is 
sufficientl}^ pine not U» leaves deposit in the ('\])losimi chaniber ; 
a well-regulated wat(‘r-f(‘ed results, moi cover, in a more even 
and })(‘rfect combustion of the mixture, and pri'vmits that \iolent 
detonatini( idfiad produced in th(‘ (whnder of a parafliii-oil 
engine working with a heatiHl volatilised mi\tur<‘ combimal with 
high comjiression when on full load. 

Exliaust-heated vaporisiu’s of tlie induction type are un- 
questionably the most suitabh' for the liigh-speial electric igni- 
tion type of nuTor, owing to then' being no change ixspiired in 
the construction of the combustion chambers and \alves; one 
jacketed chamber is, moreover, conveniently applicabh' to two, 
thriic, or four cylinders in a motor working on the four-stroke 
c^^le ; and as the vajioriser can be heated up by running tfie 
motor for a, minute or two on petrol (the change over Irom 
petrol to paratlin pi'i'senting no particidar difliculty), this makes 
it possil'le to run on jiarallin under almost identical conditions 
as on pie^trol provided a iirojandy desigru'd vaporiser is used : in 
all of thhse, howi'vm-. careful manipulation is demanded to get 
within 10 per cent, of the power obtainable on petrol. The 
drawback* to thi' use of the tlash-prool commercial brands known 
as lamp oil, paratlin, or kerosene, is the almost imjiossibility of 
obtaining a perfectly clear exhaust wlum running under the 
various c<iliditions inseparable irom the working f)i an auto- 
mobile on the road. This imperfection in combustion of the 
mixture ^s not, howev(‘r, of such coiiseijuence in a motor for 
held use and the many agricultural purposes for which there 
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ia an iiicreasiii^^ demand at liome and * abroad ; nor does it 
materially prc'judiee t,ho use of j)arafrin hi arnall marine motors 
of hi^li-spoed (deotrie it,nntiyn type. ^ 

A inodiiie^ exhaust h(‘at(‘d vaporiser (om* of the earliest of 
tlje aiiirnn:^,ic induction typ<’ witji jet atomiser, Ijrst introduced 
by writ, cr\ is sliown in adapted for preliminary*' 

warmiiin' up by a lamp, Im* which purp(iRe a, • ihie-door is 
ari-anged undeineadi* In this vaporiser (constructed for a 
double cylind*']’ .‘mio-manne motor) ^ the same general design 
IS followed as in ili*^ pr(‘cedin^ examples, adaj^ted tor engines 
of la»g('r pow(U' (tigs. dT and d7x), (except tliat the exhaust 
chamb(u‘ is suiroumb'd by a ja.cket to heat the air used for the 
central abmiising jet. As tie- sup[)ly of cold air flowing through 
the \entuii nozzle is nMiuctal hy the ant(»matic air plug to 
practical';, nil wlen the motor is t-hrotlled up to run empty 
(the proportion being in\ersely as tins spei'd), the motor is by 
this means capable of running stcadil)' and continuously at 
loads and instant.ly r(>s})onds to tin* throttle' without 
stag,„"‘ring wh m opened out. 

' ,ce I Stub whmi bdai ke'-tdiajmian A' Oo. fitted a 3-ton 
lau c’l (which piled on the Tyne for many years) with an 
^-in. > S in diagonal self-starting and reversible (letrol-paraffin 
mol('“ of the wi’iteibs design, exhaust-heated paraffin vaporisers 
have appealed in cousidcTable numbers from time to time, for 
some of which most extravagant vdainis hav(‘ been advanced^ 
such as “smokeless exhaust,” “ non-chokeable ” effect on motor 
valves and ignii,('r, vaporiser “never” reijuiriiig cleaning, and, 
lasily, more power and perb'Ct smoothness in running has been, 
claimed for a motor fitted to run on paraffin than is possible with 
petrol' ilc;W('^ei, it is nofcwmrtliy in face of these a^Jurance8, 
that up to the present there are so many otlsets to the use of 
heavy oils in small cylinders that they have for the yiost part 
been found unsuitable for small pleasure cars, and are not very 
generally used in cornmereial vehiehxs. This is more to be re-> 
gretted, as paraffin oil is so much cheaper and can be handled 
with greater impunity than tlie more expensive motor spirit. 

The problem is an exci'ediiigly difficult one, the spee^, power,- 

^ Fitted lu a 15-ton yacht by Clavke-Chapinan k Co., which made ig, 
non-stop run from Larne Harbour to Greenock in 1894. 
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^an auxiliary current of iiir furtlnn' Hwei‘ps out deposits of solids 
due to flecouiposition pf tlie oil when the vaporiser is^ioo highly 
heated. Obviously, no <;ngini's of v^^tv large size van he T'uri 
with a va]a)i'lser dependent on a hlowdlaine uni‘?ss inultijrle 
burner's ai'e us(' 1, but as tin*, buian*}' is utilised to heal tln^, 

Ignition t’‘oe it bhus 
sidlices for (Migines ea])able 
of d(*\ eloping up to Ki- 
20 b h [) wit h a single 
(•\'lind(‘r, and no atb'inpt 
luis been mad-* to go be- 
yond this The advantage 
of the llann'-h(‘aied va]tor- 
iser typ<' of <*ngine is the 
possibiliU of 1 mining on 
light loads with gi'eaier 
(‘conoiny and moi'i* I'egular 
a.(*tion than nith those 
d(‘p('ndent on heat; eon- 
diictt*d fiom lh(' com- 
bustion chamber' or from 
the exhaust . such engines, ' 
ill fa,ct, apfiroaeh \t'iy 
nearly in their wuiking to 
the or'dinar-y interiuitt^mt 
goveriH'd gas migine. 
How(‘Ver, although (juite 
ibe vogue fi'om IS!I3 to 
19(»0, or tberx'abouts, they 
ar'e now ]U'ac.tically obso- 
lete as a type ; this is due for the most ])art to imja'ovements in 
vaporisers, • by which thi' blow-ilame carr be “put-out after 
starting, so long as the engin(‘ is running with sutlicient load 
to prevent it cooling below the, teiuperat lU'c necessar'y for vapor- 
ising the cdj'arge. Another reason is the tendency lor ignition 
tubes to c,orrode in continuous use, thus interfering with tho 
timing of, tln^ ignition, the bur-ners also ai'i* often found to . 
rerpiir-e more than a [ir'oportionate attention , and are not suitable 
for engines exposed to draughts and wind. 




FkC 49 ^(Jro^slcy’s lldiue lit^ated vaponst*!. 
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Crossley and iSniiih-Diidbrid^e VaporiHers arc? arranged 
eacli with* a syphon- or woir-llow fe»d-(^iip nu'asining device 
supplied hy a puirip froii,^ e. lank forming pari of the base of 
the ciiigiiie. *raratlin oil is ])nmpc‘d into the cup in excess aU, 
each altei\ate revolution, and is eiiiptit'd duTiJiig the cliarge- 
adildssioii sti^ke, so long as#I,he engine do<‘s not exceed a pr^ 
determined spi'cd When I'unning above* this* sjceed, as on 
reduced loads, tlv 'vajionr valve* (corresponding Tc) the gas- 
admission valv^iii a gas engine) is cut out of action by the 
govennor, and the valve does notojieii^ no oil i^ then drawn into 
the vaporisin’, and ihi! next chaige from the pump completely 



lOi; r»0. — CuiHbli'y oil-int^asaniif' cu]) fm llaiuc-licatod vaporiser. 


ovcrllow.s to the tank bc‘low. The Orejssley vaporiser (tig. 49) 
consists of a casting holt-ed on to the* inlet tlange of the vapoui: 
admission valve opening direct to the combustion chamber.' 
This casting h.e^ four transversely connected passages, Y, one - 
end being in communication with the jacketed (?himney, H, for 
the hot-air supply, and the other to the vajiuur-admi^sion valve 
casing. Oil is drawn in from the syphon cup, A, shown witt 
feed 4 ,nd return pipe's, 1 and 2. The blow-tiame burner, L, is 
clamped on to the base of the cowl forming part of yie jacketed* 
chimru'y ; this burner is fed from a small tank maintained at ; 
about 10 lbs. pressure by a si^all air pump. In t]us engine y 
(one of which entered for the Oambnoge trials in 1894 wa® \, 
awarded the second prize) the air-admission valve is automatic, 
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thuH the combustion chamber, C, is scavenged at each “cut-out'' 
'stroke , tkis, of cours(\ ^ends to cool the cylinder, bqt does not 
have a dc'trimental eliect on combustion, owing j)artly to the 
„fact that the succeeding charge is more comph'tely vaporised 
and mixes witli air free from im-rt gas. The mea'',aring cup 
(shown in fig. 50) takes the forty, of a syphon, one leg, of 
which can lie variedjn length by a plug screw, X ; the surround- 



Pio. fjl Siiiilli Dudhrul^'c name Kio r.2 — Dudbriffc^' <al nuasiiKa. 

lioatcd vajinnst‘1. 


ing sum]) is connected to the feed pipe, 1, and drain pipe, 0 ; 
forming ^oart of the same casting is the feed passage, V, the 
flange of which is bolted on to the vaporiser Just Ixdow the 
hot-air nd'-t. tlnu'e is a non-return valve between the bend of 
the syphon, S and the passage, V, leading to the vaporis(‘r, which 
is used to prevent overflow into V, during the periods between the 
charge admissions to the engine cylinder. 

A somewhat similar construction has becai followed in the 
Smith-I)^dbruige flame-heated vaporiser, shown in tigs. 51 and 
52, lln^ dillerence being more in form than principle. Here 
the heated gases from the burner, L, flow up the jacket, M, 
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partly surrounding tlie heated clianibei;. \ , oil in ineasure(f 
cliarges is ^Irawii in at Tv, and liot air^froni a Hue, also partly 
surr(^UTidiTig the heated chand)er, whenee ^he pat’aHin aial hot- 
air mixture is drawn rta Cs past a govcu^jjor-eontrolK'd admission 
valv(‘ to t%-‘ engine cylinder, and there mixes with the main 
supply admitl^d by an automatic vnilxe. As in the pi’eceding^ 
example, an ignition tube T, is arranged between ^the vaporiser 
and tlie burner, apd^a pnmp-lilli'd nuaisuring cup used, but 


of modihed form, as shown 
in f'g r)2, wdeu’e itisb'ad of 
a syphon, a wnnr o\erHovv 
is useil, by whi(‘h tlie 
height and \olume of the 
charge can be vailed by 
the jtug, W, to in exact 
degrei' by tlie inde.xiMl 
pointer. X Oil is punrped 
in at each alterniite re\o- 
lui’on of the crank shaft. 
tJrough the geysei, I any 
(• M dow in excess of the 
^working charge, and all 
the oil pumped in suc- 
ci'cding a cut-out " stroke 
returning to the tank na 
the drain pljie, ( ). There 
is no check valve reipiired, 
as the level is always 



Fig. d3. — JRavard 11 inii^ liiMinl \ . 


below the outh't of the fuel-feed duct, \' . the basin is completely 


cin])tied at each charging stroke by the sivirl of air iml^-aught. 

The Howard Hame-heated va])oris€r (shown in Hg. 53) dillers 
considerably frvun either of the foregoing in that tlie charge of 
oil (paratlin) is regulated by varying tin* stroke oT the feed 
pump, which is cut out of action altogetlier by Hic governor 
in synchronism with the vapour valve at varying intervals, 
when the engine is working under full load. Th? charge of 
oil is pumped in at K, and after traversing a series of inclined 
passages, V, is drawn 'c/'n C, to^^ether ’'^ ith a little !lir from a 
snifting valve at the side, past the vapour-mixture admission 
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^^alve to the cylindiir. 'Hie ij^aiition tube. T, between the 
' burner, L, and the vaporiser is extended and provi/h'd with a 
bulb to ensure tljat ^tma-t <]^as is IbrctHl bacdv beyond tJie heated 
p zone ol tlio tube , tiiis is t)\vinii to tlie eonsideral>le of duct 

between tlie (jpen (Uid of the tube and the C(unl)ustien eliainber 
the engine. ^ /• 

A very siin[»le. form of lam])-heated va})oris('r is shown 
dia^rranimatieally in 51, talcinfr the, form somewhat of an 



ordinary ^as-(m^'ine i^’iii- 
tion ehinmey. In this the 
space, between two east- 
intrs (sjnstit-utin<4 tin* \’apor- 
iser eommuni(‘,ates direct 
witli a cam-o])('ned e^over- 
nor - c.ontrolled combined 
\a])ojn mixtuie and air- 
admission \alv(' in the 
casino inhd. (\ which is 
held on its sc,at dunrio 
“cut-out’' strokes. 'flic 
fiH'l f<a;d, also under syii- 
clironous contr(4 with the' 
a<lmivSsion valve, is sujiplied 
at K from a pump . a siiift- 
in^^ valve. A, admits the 
necessary auxiliary air to 


Fie. ;«4 - ( aitei-MuckHojif Hiini<’ licatol the vaporiser, the mam sup- 

V.ljiOllM'l 1 • p • 

ply entering tiom a pipe 
below the heated mixture inlet to the admission valve casing. The 
ignition kibe, 'J\ extends upwuirds within the vaporiser chimney, 
and is heated by a blow-llaine from an ordinary coil burner. 


Ill the, Roots- Vosp('r Hamedieated vaporisei*, shown in tig. 55, 
parattin is siipjilied in measured charges by a sliding grooved 
rod, P, from a hand -con trolled gravity -feed inlet, K This 
vaporiser is of the chimney type, with central burner tiue, M ; 
around the chi nine}' are cast twm scries of cells, one for hot 


air to inix^with the oil, this then being drawn along as indicated 
to the winding cellular passage around the chimney, M, whence 
the heated mixture mixes with a sup])leiiicntary supply of cold 
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air entering at A, tho amount ])einj4- roonlatcd by the plug, R; 
this mixtujie tlieii enters the cylinder dlrt^-t hy the automatic 
admission valve, (I Ma.ny^parMllin engines ol small itower, both 
in horizontal ^single-evlind<n and vertical twin '‘N’limhir design, 
liaving tbi^^form ol vaporiscn;, were' construrt<'^ in the period 
ISlPA^IhOO- bid'orti t,be a(ivantag('S of the inductioji type ol* 
vaporise! with elts'iric ignition wer(' moi-(‘ gt'^erally appiaadated. 
In this connectionfalso it should b(‘ nifailioned thaff an award 
was niad<' by 77-' hhxji ii< er in bSlHi to a Roots motor lifted 
with this I’oini of vajioriser a[>plied to an a.Litoi^(dhle, this being 
oHered as a siinnilus to 
rese.arch in iln' pi'ddiirtion 
of a nif tor suilaitle foi (Jn* 
propulsion oi toad vehicles 
that (‘ould be ruii (udiiicdy 
on jiaretlin oil 

With this object in \ iew, 

Messf ( thn-k^ -( Ijapman o!‘ 

(da ,'‘siiead - or - Tyne also 
inrd a lioi-izontal t,vin- 
cyai der, 5 in .dm., moioi 
designed by the writer to 
star' and run on paratlin. 

Tins motm-, whicii devel- 
oj»ed h b.li p. and wtdghed 
380 ibs,, was fitted with a, triph? bin tier heated parallin gasifier 
and eiectiic ignition, but, owing to opinions expressed of its 
unsuitaliility for an automobile, dm' to risk of hre, and to the 
attention rec|uir('d by the burners, it was not entered for com- 
petition, and was afterwartls used for another purpose. * 

The combination of electric ignition with ji flame-heated 
vaporiser motor, however, has some advantages ovec one de- 
pendent on petrol for starting, iki countries where motor spirit 
is difficult to obtain, also, for the rciisons stated, a constant 
temperature vaporiser has other advautages, especj^illy when' 
a motor is retailed to run on reduct'd loads for a considerable 
time under circumstances where ^steady running anc^ a clear 
exhaust arc important factors. With this purpose in view*' 
the Gardner paraffin motor has been evolved; this— made in 
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single -cylinder horizontal and multi-cylinder vertical form — is 
fitted with a sc^parate fl/ime-heated vaporisci-^ for e[wh cylinder, 
constriKited on the jet-liuluctioii syf^Laii, with xariahle mixture 
8U|)ply to each cylinder under separat)‘ control, pne f<'('d tank 
supplies hotli ,< h(' Irurner’S and float cisterns, and ■'o’ s fial from 

“the main tank fry an oil pum[) corrstant leNar* and })resmre. 
In another \vipori:»'('r, known as the Halhdt, and devisi'd imu’c 
specially for automobile and small electric light moiois, the 
necessary heating for “starting,” and also for maintaining a 
mor(^ regular tt^njieratuia! whdo running on j-educed loads, is 
derived fi-em a resistance coil and electric currmit fiom aii 
accumulator, charged by flic starting and lighting dyna-motor 
when us('d for an automobile, and from the main curK'iit when 
used for a lighting installatmn. In this \a])oriscr tin' teiii[>era- 
ture can he (‘asily regulated by band or automatically, and is 
eutiri'ly independent of jx'tiol :ind burners, and, what, is mori.' 
important, of the load on tin' etigiiK' as well, which is exa.ctly 
what is wanted to ensnn; a (*l(>ai' exhaust wIk'H iniining light 
and to avoid o\ n-heating on full load. 

There is another method of maintaining a moi-e ('(piahle 
temjierat ur(' in a vapoi'isr'r of the induction-feed typ<’ A\ith vari- 
able mixture volume contiol, ami this is to comhine the constant 
heating etli'ci of a burner — which can lie also used to kei'ji an 
ignition tube l\ot — witli the inconstant effect of thr ('xhanst, as 
showoi in lig. .0(1, wliere paraflin is fed past a hollow screw-dowoi 
regulator to the heated space b('twocn an outside exhaust jacket 
and an inside burner chimney with cross- tubes A \aporiser 
of this design can be made iiide^iendent of tlie ('xliaust for 
cylinders under (l-in. diam if fitted with a se[)arate burner for 
each cylwider, but for cylinders largiu* than 10-in. dia-m it reipiires 
a bye-pass on tlie exhaust to enable it to sliunt a variable volume 
of the hot gases direct to the eseajie pipe, tlie amount varying 
according to th(3 load. The advantage, however, of a. combined 
flame- and exliaust-beatcd vaporiser is that, should tlu' burner 
fail, the engine ean lie kept going on the exhaust, when provided 
with electric ignition . also, witli a combined lu'ating effect, a 
single- or multi-c.ylindcr engine can be run with greater economy 
at very reduced loads, even wlieii deducting the oil consumed by 
^ 1 llnstraterl ill Vaporimig of Paraffin. 
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the burner. In this connection also it is appropriate to mention 
the G. W. JVeatherho^ parallin-oil engine, ])atente(l in 1889 * 



I TO. r>(J. — End seotiunal view u\' Allen-liarkoi pamflBii-oil engine, sliowni^ cDinbuifid 
ll&ujc- and f'xhaa.st-heatpd vaponsei, ignitu»n lamp, admission, *exhaust, and 
governor valves 


(8018), and exhibited at the R..A.S. held in that year at*VVindsor, 
in which there were two vaporisers hi series, one exhaust-heated 
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and the other Hanie-heated, the blow-flame l)eing also used for 
the i fruition. « 

Vapour-feed Vaporisers.— -In this class— inostly 
used for single-cylinder horizontal en^^dnes of the jndusi lial type 
and unij’ adiy)ted inr the several brands of illr^iinatin^^ oil, 
'known as parailin — an extension of the combus^^ion ehaiiiber is 
either itsell’ jacketed or forms a jacket fora va})oiisino' chaml)er, 
into which ])aiatiin oil is feal by a })ump or other measuring 
device, ddie necessary heat is either derived entii-ely from con- 
duction and r^|diation from that portion of ila; com bus! ion 
chamber of whicli the va]ioriser forms a part, or partly from a 
-flame, also us('d to heat an ignition tube All va])orisers of this 
class reipiire to be thorouehly hiMted hy a lamp, as from a blow- 
flame burm'r liefore starting, and usually so lon<; as the enjL,dne 
continues to run on a li;;ht load, some eni^niu'S hein^' capable 
of keeping going on a (juart.er lo.id and ujuvards without a lamp, 
while others do not work satisfa.ctoi‘ily for long piiriods on loads 
much below half the normal I'ating. 

Oii(‘ of the lirst aitemjits to make an engine work on paralilii 
od was ])at(mied in l<SS 7 ( 27 s;}) liy ,). H Knight of Karnham, 
Surrey, whose lirst engine, made by liimself in l(S(S(S, and further 
devehnped hy llrowii vV May of Devizes, worked <in the six-strokl; 
cycle: this was to get rid of inert gases in tlie capacious (‘ombuH- 
tion chamher, and jiartly to obtain a more rtvliable. ignition with 
his blow-flame heated platinum wire carried by a slide-valve to 
the ignition port, tin* six-stroki' cycle also allowed more time 
between the ignitions for heating. This engine w'us further 
developed by Weytnau A liitelieock, of (fuiidford and Chelten- 
ham, and was known as tlic Trusty. It then worked oii the four- 
stroke et'cle, and \vas]>rovided with an improved form of vaporiser 
partl}^ surrounding an extension of the combustion chamlxT, a 
biow-flaiye lieated tulx* igniter, and an oil feed hy a pump which 
worked with a variable stroki' from full dowm to one-third load, 
below^ which the feed w^as “ eut out ” by the governor. The illus- 
tration (li^g. 57 ) shows .‘I somewhat modified form of vaporiser 
introduced by (Mayton Shuttlew^orth. In this, access to the 
chamber^ V, w^as very easily obtained, by removal of the end 
cover w^hich carried the automatic igniter, T. As in the Trusty 
engines, paraflin was pumped into the chamber, \k in variable 
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charges (iown to about lialf load and tlion cut out'' altogether, 
the va})our valve, A, between the outer vajayising ehainber 8,nd 
the OKteiisiori r, of the coinbi^stitui cliaitjln^- being siniultaneon.sly 
put out of aeti(^i. 

A fealur^^i the llarni's va])onHer, as used wi tin' Hustmi 
engine, for lanming on paratlii;. (tig 5S), is the facility for heat- 



Fi(r. 57 - S'‘('r.ion,il |>laii ol (Jla 3 U<iii-Sluif.tl(‘nortli iMiatHti vajxuii -fct-d 

\,i|Knts('i Hiid .uil(>iii.il i(‘ i_<'nil<'i 



I' [ 0 . 58 -Sfi'tioiial '’if\ aLioiis ()| tin* Kiotuii (»aMl)iii vapoin -ieer] 
vajionst-r aiwi aul<>rim(i( itfintn. 


iiig the automatic igniter, T, at starting. Another feajure is 
the grooved vaporising plug, V, loeat(‘d so as to be entirely sur- 
rounded by an annulus exUmsion of the combustion (^lamber, 
C, the whole concern being easily detachable from the cylinder 
end. (3il is su})plied in measured charges by a bucket device 
shown in fig. Tg), designed to be operated by a cam ai4fl tappet 
on the full-chaige or none system, which for simplicity is un- 
equalled , furthei” it cannot be me^ldled with, whicli is*a good 
point under many circumstances. This device works in an over- 
flow constant level over-cylinder cislern, T, to which paraffin is 
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supplied by a pump, from a. tank within the engine base, in 
excess quantity bv^tlir pipe, ], the overtlow' returning thiough 
the pipe, O ; tlie chai g<^ measuring bucket, 13, slides over the feed 
tubes, V , the aedbm of this is such that on th^' bucket being 
immei-sed it iKls as shown, and on being raised^^ y the g('ar, M, 
the charge runs down the fe(‘d tub'es, V. Slightly \'ar\ ing charge 
feeds can b('i’ sim]fiy arranged for by slijiping on a bucket of a 
greater or less capai'ity , thus the adjustment' is detinitely defined 



I 



Kig 09.— IVcfl nuaMniiiL' cup used on the Riiston parafhn on ouginos. 

for difi'-rent g^ad<^s of paraffin and cannot be tampered with. 
The pipe Y (tig. fill) communicates witli a snifting valve in the 
downtake extension to the vaporising groove, V (fig .h-S), a small 
volume of air (mtering at tin*, opt-n end. A, and the oil at K. 
There is* a vapoui valve, 0, at the side to admit lieated mixture 
from tlie groove chamlier, V, to the combustion annulus leading 
to C; this valve and tlie f(*ed bucket move in synchronism at 
every charging outstroke of tlie engine piston, both being cut 
out of action on the engin^ exceeding a predetermined speed. 

Although a very diflerent construction is followed in the 
Cundall vaporiser (fig. 60), the principle of feeding the paraffin 
in measured charges to an explosion-heated chamber, as at V, 
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is tln-^ same as in the foregoing. In this example parathn is fed 
to a measufing dcviee rid the inlet, K, ftxqj'ss feed overflowing 
through th(' pi]>e sliown ; %froni this n^aisiiring eup the ml is 
drawn inl(j tWc eomhined vap()ris<'r and vaponr-vnlv(‘. easing, V, 
and thej-en^^ix('s with aii draw'ii in at A, at#eaeh eharging 
stroke' follownng an (‘\hansl .troke wdth tin' exhaust valve, E* 
held <low'n on its st'at- , this 
valve I,*- held open for a e\eh‘ 
at \in‘Ving intei'^als on tin* 
engijie e\e(‘euing i In' running 
speed K'puiied The a.d\an- 
tag’(' oi this nn'thod, so Ire 
ado])t('<l in eiigin(*s 
gov( Lin'd hy eiLtting onl the 
od-hsMlehai g(“,is taut the teni- 
[leiature of tlie \a})oiiser and 
cylinder is thus maintained 
high'.'- than when cold air is 
<h vn in dm Ing non-explo- 
Hi< ' stiokes There' a'e two 
hi '0 -as, L, foi- starling and 
runiirig uidoaded, but oidy 
one s necessary in ordinary 
WO' king fur tin* ignition 

ddn' part llann'- heated 
vaporiser shown in fig. 01 is 
siniilai lo that used on a 
Fii'lding pai-allin-oit engine 
which ran throindi the (aim- 
bridge R.A S trials in fSOT This consists of a hot-aii-Ttube, H, 
a tiaane-heated vaporising tube, V, and a part flame- and part 
explosion-heat(‘d tubular chamber T, in opim eonnectioi^with the 
combustion chainbi'r at (j, and thus serves to ignite the charge. 

Air to assist in volatilising the charge of oil fed in at 0 
enters at A, the mixture, during a charging stroke with the 
exlinust valv(; closed, is drawn from V, past the automatic vapour 
valve and through the tubular cluvmber, T, to the cylind*'r, when, 
on the return stroke, part of the mixture is compressed into T, 
/ind is thus ignited. In connection with a vaporiser of this simple 
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and CHHily d(_T.acliablf' Ioi'tii, an antoinatic valve is used for the 
main air suj)ply, jjim] a governor-controlled ta[)fet ^ear to 
throw out oi a(‘ti<>n tj^a* h'ed puni^^' when the exhaust valve 
is held o]H‘n- ^ r duriiif;’ " cul -out ’’ sirokes 

Tlie Walt I -aporisiu' (Ha (12) may be said to l/'i develop- 
ment of the ('xam])]e shown in lie. (;i. in tl»a,i a \olutilis~ 
ina supply < f air at a. toa(>(hei with a ])uin]»-ineasured feed 
of })aral]in oil enterina by the )>ipe, ye alter tras ersina a, 
liealed eliainber, i\ is di-awn past a vapour vaJv(‘ /a, to an ex- 

tt'n.sion : of the combustion 
chamlxu of tlie eylindei, e, 
but in this instaiKs- there is 
no lamp rispiired alt(.‘r start- 
ing, <‘xe(‘pt.iny on continued* 
runs OK N'orv hehi loads To^ 
(Mrrv this into pi actieal elltad 
a larae laTution chamher, /, 
is usr<l conn'‘ete<l by a small 
passai4<‘ at the c\ lindm end 
of 1 he ('xtension, : . t his 1,0 
cause a, portion of tlu* e(.)m- 
pressed mixtuns undiluted 
by the contents of tJu' ex- 

I'k;. ei.-Riin,- a., , li-N|.lMo, , 1,, ki lir Tonvl ink. 

food \ a]H)iiM'r imol on Fit Idiiit: pai.iilm-oil p) j‘orc<' the inert aas 

' engines n • r n ' 

thermn away Ironi tlie eom- 
municatine ianiiion jiort d\) assist in the maintenance of a 
higli temperat ur(‘ while runnino on ri.diiced loads, a cowl, oc, 
is used haviny; Hues, f\ through which air i-an circulate when 
on full fiad to prevent. o\ ('rheatinj;', and, ol eoursi*, is thus made 
use of while the startintr lamp is aJieht, but can lie sliut oh‘ 
to any re juired dci^n*!; while on reduced loads, hy the dampe)’, h. 
In coniH’ction with this vaporiser the vapour valve, up and 
feed pimi}) aurop('rated in synchronism to cut out the admission 
of firing chare cs when riinnine' below the rated load. Although 
.the action of the exhaust valve is not under governor control, 
in ordii'arv wsjiking conditions, the vaiporiser, igniter, and 
cxmipression chamber are found to retain sufficient heat to 
compensate for the cooling elfect of cold air drawn in through 





PARAFFIN VAPORISERS. 


f 


113 


the cylinder, under ordinary working conditions, provided that 
circulation through th(‘ cowl is stopped. • ^ 

However, tliere are ci^'Uinstances ^hen; the ’runidn^ con- 



ditioiis ai-e so variable that an automatic igniter cannot be 
depended on to jovKiuce a clear exhaust on reduced load#; heuce 
the number of vaporising systems in which an ignition lamp 
is retained under all running conditions. That shown in lig. 63 
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^ is one of tliein . lu'ie’a very similar combination of vaporising 
cbamlx'f, \\ vapour ^vai\ V, and Imlb-end extension, V^, with 
pum])-measui'ed i'erd iiyc'etion, a,s at Jv, is us<‘d. The dithu'ence 
eorisisls mainly in tin' dis])osition of tlie component parts — e <j , 
the pai'aflin feed is s])rayed in past an atomiser noz^’. througli a 
Venturi tuh(^ iM (as in a petrol carburettor), to the lamp-heated 
chamber, wIuvuh* tVe mixtur(‘ is drawn through a form of buU)- 
vaporis<‘r cylinder extension, which would fteem to be a very 
practical method, esp(!cially for small engim;s, as the design lends 

itself toconsid('rable lati- 
tude in the timing of the 
ignition. 

Another \ ariant under 
1 h i s class i s t h e X j e h (.)! son 
vaporiser (tig. (If), used 
ill the Britannia paratlin- 
oil engines of compara- 
tively small power. In 
this {;xamph‘ there is no 
fe«‘d pump, suction btung 
(h'pended upon to draw 
the oil — from a tank' 
contained in the bas(' of 
the engine — past a cJieck 
valve to the heated 
space, A, and thence past an automatic vapour valve to another 
heated extension cJiamber open to the cylinder. An automatic 
igniter, B, consi.sting of a jacketed tubular passage open at 
eacli end, t<o pa.s.sag(‘s leading to the compression space, is 
located ^undm- the vapoiisia-, and thus immediately over the 
starting lamp, the whoh' athiir Ixdng neatly covered in by a 
cowl haianonising with the cylinder. The (ixhau.st valve is 
actuated by a trip gear, and as the main air inlet valve, C, is 
automatic, the cylinder and vapoiiser extension are not in 
conse(pum9e of this cjiposed to the cooling effect of cold air 
during “cut-out'’ cliarging .strokes. The funnel, E, is for the 
purjiose 4)f tilling tln^ feed pipe before pulling round the wheel 
at starting. 

The Jflackstone pandlin-oil engine works on the induced 



(!.‘i - Sjiuhm ^ a]to\u -tu'tl I'araffin 

With ildiiit' lifiittMl 
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jet piinciple, iu combi nation with the' “ all-or-iione ” charge 
method of governing, as used in each oiith^i foregoing examples 
iucl tided under this (dasn^ but, as sho^oi in lig. 0.5, tliere are 
some importiyit difierences to the usual practice followed in 


Kig. 64,— Nichu.soii vajiuiir-ltjcd va]>oriscr with aiitoraatic iginUir, ijaed on 
tho I’ntjmnia (Tin-oil engines. 

engines of the va])our-feed class. For instance, in place of tappet- 
trip gears on either tlie feed pump, the vapour val^n^, or the, 
exhaust valve, or any two of them together, a governor-coQ- ' 
trolled cam-actuated plug, g, is arranged to shut off communica- 
tion between the internal vaporiser or cylinder extension, 6, 
when the speed exceeds normal, the plug remaining closed, thus 
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preventing air from being drawn acixAs tlie nozzle, r ; hence^ 
no charge is then admitted during iln^ following admission 
stroke, on) air througli ^le autninatici^ valve in eommunieation 
with the. p'iJ't, 0 . 'I’he ))i<>f/as ojirrandt, when working fully* 
loaded, is a jtd to be indueed tbrough th('*nozzle, c, by the 
auAfliary air ,sui»])ly througli the pipe shown, tlu' vapour v^alvc',*?!, 
being tlien oj)('n, as always during the adwiissioii strokes, thus 
opening frei' eommunieation witli the cylinder, through the 
interioi- vaporisi'i- extension h- then, during the following in- 
stioke, a jK/ition of (hiM-hai’ge is coin pressed into this chamber 
and towaids rhe end of the stiokt' is igniteil by t^ie insulated 
(•a]),/. To lacililate starting an extmisioii s, is provided, wliich 
is alvays in communication with through a small central 
passage, This lowei cliambei- is situated just over the blow-dame, 
and can thus In li at(‘d in about t<m to liftemi minutes to such 
iiiten‘>itv as to tiri' the charge on pulling round the wheel. The 
lamp is then left, alight until the engine lias been running on 
th(‘ load lor tive to ten minutes (*r so, W'heii the llame can be 
e iniguishe<l and tin* cowl closed by the cover, as shown. The 
1 * * nozzle IS fed fiom a small overllow^ cist(‘rn adjoining, 

\ L rein tlie t vel is maintaiiual by a pump drawing from a 
tank within the base of tin* engine to ju.st IkOow the apex of 
tin.' nozzle. 

Mom* than ordinary interest attaches to the Melhuish^ 
vaporiser (tigs, (id and 07 ), in so much that in this the vapoyr- 
tc.\l principle is siiowni applied to an engine operating on the. 
two-stroke eyele; liirther, in order to avoid circulation of 
vaporised mixture through the transfer pump, tlie engine is 
designi'd for the mixtun^ to be drawn into the (explosion cylinder 
direct by vaeuum ed’ect due to displacement 111 an anniitus caused 
by the outstroke of an enlarged extension of tin' piston. Thus 
at the end of tlie outstroke the contents of the explosion cylinder 
first exhaust through a port uncovered by the power piston into 
the annulus btdiind the imuip piston, tlius causing a fresh charge 
to be drawn into the. explosion cylinder via the non-return valve 
shown. On the return stroke this charge is compressed and 
ignited by the flame-heated tub^e, and simultaneously the inert 
gas contents of the pump annulus is exhausted through a spring- < 
loaded non-return valve, which, wnen tlie engine speed exceeds 
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nornia], is held closed by a governor-controlled trip ^ear, thus 
preventing a li’csh clj,ar^" beinj^ drawn in at the end of the suc- 
ceedin'^ ontstroke. '^Phe, vaporiser covsists of a pot open at the 
f top and having around its base an annulus opein to the com- 
bustion chainb(y. are two tubes leading' to near 



I-'h; (V Mfilhiiish viijKiui'-lVcd vjijiorisM with llanic heatfd iiscnl 

' oil 1,1m OotliU' paraIJiti ml etij^Miic. 

the bottom of tin* heated pot, the outer one for the iiuiitt air 
supply drawn from the base of the engine, as indicjitcd by the 
arrows, and the inner pipe for the spray charge and atomising 
air, the oi] (paraifin) b(dng drawn from an overflow cistern 
supplied from a ]n't‘ssure tank, whi(;h also feeds the burner. 

Injection-feed Vaporisers. -CVuss . 4 . -As explained in this 
chapter, the dev(do})inent of internal combustion engines capable 
of working on flash-proof lamp oils has for the most part been 
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extended in lour directions, ca-ph startifig at about the same ^ 
time -/.c, tvdtliin the pei’iod 1 885-1 H90* Vf tliese, tlie Huines- 
Friestman exliaust-heated»vaporiser (uigim' with eompressed'air 
atomiser and^electric ii^nition, as used 'on the Etev(^ minerah • 
spirit en^dij^was first ])atented in 1885 (841 J)# then iollowed 



the pump-feed injection exhaust-heated vaporiser of Smyer^a, 
also patented in 1885 (11290); then the combined pump-drip- 
feed vapour-jacketed extension of the combustion-chamber 
vaporiser, first patented by J. ll. Knight (2788) in ^1887 ; then 
tlie induction spray-feed exhaust-jacketed vaporiser with 
automatic mixture control, first j)atented ((>990) in 1890 by the 
writer, this being the class of paraffin-od vaporiser now so ex- 
tensively adopted in all the numerous high-speed petrol-paraffin 
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motors for small marlni- rraft, field traetors, commercial road 
cars and stationary wor|- of many kinds. Tlie.n f<illowed Akroyd 
Stuart's automatic iijfnjtion pump-ipjection engine, with the 
vapoiasoi sepai'ated ftom the cyliiid<‘r end by /i constricted 
passao-e, jjatent^aj in ISilO (lotMjf). 'J'his invenj^-. , after ex- 
perimenting with 1lame- arid conduction- lieated vaporisers, was 
convinced tlrai- this„was tin' most pi’acti(!al' method of vaporisin^^ 
paraffin oibfor stationary en;^ines, in which wars desir-able to 
be able to dispense wnth a burner other’ than for star’tiri^, and 
his conclusion tyat this wuis the oidy wnw has since been to 
• a very considerable cx- 

cnpdne, entei’isl by 
/ M \ \ (Ir’aritham, was aovai’ded 

\\ noticeable featur'e 

\AP- // L in all erjemes of his 

-i L- f ririginal desii^n is tlieii' 

I'emai’kable snKiothness of 
I I I I (( runnin|X aod adaptability ^ 

for variable loads without 

Fiu 68 — Cios&-sf‘Ct.i()ii of HoriisbwAkrovil . p -i 

iiif'ctinii va]»Hn‘^»M tl’ip-i^'eai’ lor the ex- 

Imust \alve. as found 
necessary in so many eiijj^ines wdicn running on li^’ht load with- 
out alanrp, another feat.ui-e is tlieir frcr'dom from that liarsh 
IBxplosiori effect so (‘ominonly associated with all cnpnm'sin wdiich 
the paraffin oil is Najrorised before being drawni into'the cylinder. 
The method adopted in the IJornsby- Akroyd engines is to injecit 
a variable feed direct into a liblred vaporisi'r constituting a con- 
siderable propoi’tion of the compi’cssion K])ace, tills chamlrer being 
connected to the cylinder by a neck, partly to avoid prematuni 
ignition, jiartly to prevent the vajumr from being drawni into 
the cylinder, and partly to insulati* the vaporiser froin the water- 
cooled cylinder end. An important feature in engines of this 
design is the eorreet pi’oporlioning of the vaporiser capacity to 


that of the piston rlis[)lacement and to the size of cylinder, the 
larger the cylinder the less the proportionate size of the 
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vaporiser , aiiotlier faetor of iiTi|'>oriaiico is the correct compi-os- k 
siou ior tlu'^liHer'ent braiuls of oil used ; jfiKjiluu-. t]ic teiiipi'rature 
of th(‘ va])oriser, which in«sinnll ('no-mc# c;ui lx* i-c'^oilaied liy a 
cowl, and in ihose i)f lai'^er sizes f)V jacketing; a jiaii of the * 
neck next L'^ (;yl]n<ler (aid, The feial is inji'cU^d into a cone- 
sliani'd pioji'ction at (ilir side of tin' vaporisra, as shown in 



%s. UK and UK\. In the cross-section, tlu' ribbed chamber, V, 
connected to the cylindia* by a neck, (}, is as sliown surrounded 
by a large cowd, Jy to acconinindate the application of a large fan 
blow-lamp,L,for starling. Details of the injection valve are sliown 
in tig. ()8a. Iba'c, f> is the leed j»ipe from an adjustable stroke' 
cam actuated }>ump, which forces the charge of oil as spj-ay into^ 
the ddfusiiig cone, past a spring- loaded check valve, j, and 
nozzle, a, which it is important to keep clean The speed of the 
engine is rc'gulated by a by«‘-pass valv(‘ J, under the control of a 
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' My-lmll oovc'iiior and ia])]>(‘l, 7 Thus uiv 110 cut- 

out cluir^f' strokes. Vii<' fon*«' of llu' explosions heifir^ varied iit 
proportion to tlie cliaii^' a<hiiissioii, <*Kee.ss oil K'turuin^ thi'ougli 
the pipe, l\ to tJi<' supjily tank. Tli(‘ injection timed to take 
pkict‘ somewhfit kil(‘r than tin* air intak(', t/ln* vy^ve lor ^v'hIch, 
*to,i^ether v ith that tor the exhaust, is situatial al one side of 
the cyliud('r,‘so tliflt mu’ther the diHiised spray nor \apoiir mixes 
with the inmkn^^ air, as in vapour-mixtinV va|)oi‘is('rs The 
chari^i' is theiadore unequally mixt>d, and forn>s a licher mixture 
in the vaporis^'iP than in^ the compression S{>ace next t he ])istom 



Fig 09 - Noiii^.-lLitx y ♦‘xjdosuiji-plianiLor 
» va]»uosiM, uitli uijiclion iVeil 



thus cau.sin<( certain i<jnition with weak inixturee, as well as 
slower combustion than in vaporiser systems in which all the 
heated mixture is drawn int(» the cylinder. 

An ‘Intenxstin^r variant coining under tlu* injection class is 
shown in tig. (id. dlie purpose in this, the Norris vaporiser, 
was to itxoid any jiossibility of tlie chamber, V, from bursting, 
and for that reason this is Hot subjeeted to pressure. As in the 
preceding examph", the ignition shell is not ('xposed the eool- 
iritr etfectMif the ingoing air at A, and is so arrang'd that all 
the exhaust passixs through it to the valve, E. Tlu* oil ft^ed is 
injected *at K in variable volume, past a spraying no/zle at the 
‘dde of the eomhustion chamber, C, and is tlimice projectcMl into 
the combined vaporising and ignition shell, V, at considerable 
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'velocity by a variable-tbrow piiinp Ki1<^ines on the Norris 
syskan weret exhibited at several ot tlie and other shows, 

The sectional plan (h^. y.)) n‘])resentsgfin<jther variant of this 
class. This, tlj<' Gibbons vaporisin^^ system, departs somewhat 
from tin; siii^le desij^n the direct ijijection hmds itself to, so 
muck that an insulated tube projects within an extension of th^ 
explosion or conihustion diambi'r, V^, contiinied asound to one 
side of th(' cylindMi', C, this <>\tension is jacketed liy an air 
chaiiibef, and the air entering at A is di'awn into the cylinder 
pasi a piston /alvt* in the casing below, Vajwri^ation is carried 
to a dciTiee in (svcu'ss of tinit nec(‘.ssa.rv tor paradin oi)^ wliatever 





tin b'-tind used; tin; spray feed injected from the nozzle at K* 
alonn; the ie;nition tube, first impinges on to the unjacketed 
covm* and then mixes with hot air, when the mixture is com- 
pressed into the vaporiser ignition chandjer. Although not 
commending its( If by reason of the considerabh^ r?{diating 
surface surrounding the combustible, an engiiu' on this system 
exhibited at the 1<S95 K.A.8., held at Darlington, apji^ared to 
run smoothly unloaded. 

A more recent develojmient of the direct injection nndJiod is 
shown in (ig. 71, in which the principal feature is the method 
adopted for the automatic timing of the ignition. This is effected 
by a projection, t, on the end of the piston,/;, which during the 
last or so of tne compression stroke super-comjiresses a 
portion of the combustible along the chaimei, and up past 
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^ the (j. In aceordance. witli this design, used in the 
National paratliii-nj] ^noin(‘,.s, tlie eliar^e bein^ i'nj(a‘teej[ at j, 
fai‘ behind the adiuissa^ai .-nul e\l)ai*^t zoiu' at .r, will eaiise, the 
' inixtun* in the ^ aponsi'V to b(‘ much riclier than at the front 
' end, — so much so, in fact, as to be nomexplosive^nl il near the 
' completion of tin* stroke, wdnm weak mixture is toiciai along ii, 
so diluting the coMbustilili*. strong point of this vaporiser 

is tlial- cl'ange of load a.nd (‘haig<* volunu‘\loes not matm'ially 

.dlect the timing* of th(‘ 
igintmn. 

In tin* va,])orising system 
used on the Globe ^ engiiu'S, 
s(‘\e)-al of which the w'riter 
has seen at work uufler 
ditlrrent conditions, tliere 
is no feed [)ump, the charge 
being draw n past a, gra vity- 
fed snd’ting valve, () (fig. 
7:^), su]i])lii'd at K, from an 
ovcr-eybnder tank. The 
charge is conti’olled by a 
t u udder governor, G, wdiich 
simidtaneously cuts out 
the auxiliary air \'alve, V ; 
the saane eaiii l('vei‘ also 

7- — ( ioss-st'Cf-Mii ul iii)( ^a[)uns('l 

used in ilioOiohc j).najliii-o)l ojieratcs tlio maiu air valve, 

A The vajioriser, Ik is in 
the form of an ii^itiirmHl bend uiljaekeled extension ol the 
cylinder eom])ression space, underneath is an ignition tube, T, 
but it i.s only napiiied at starting and for light loads. As in all 
vaporisers with an automatic snifting or induction feed, the 
spray drawn, tog(‘th(*r wo’th a part only or the whole of the 
air supply, through tin* vaporiser (which may fie entirely 
explosion heated or piart lamp-heat (‘d) and thmice into the 
cylinder , JJie mixtun^ is then homogmieous throughout, and on 
ignition (explodes more \ iolently than in an engine having a 
pump-in j(.'eted feed independent of the air supply, notwith- 
standing that with an injection feed tlie spray is raised to a 
1 Made liv Pidleck, WliyLe A' Waddell, (Slasgow. 
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higher ieiii[)erakire. The two feed s}- steins also involve two 
distineily diUennit governing nnithods, p«ni^) injection working 
better witli a “ variabli' fee^,” and suelic^i inj(“etion better with 
a “cut-out” fegd , thus in all engin(‘s (class 4) in which the fuel 
and air ai(‘ ^rawn in together through the iajioriser, the 
exhaw*?! valvi* is held open at inUu'vals wlnui working at less^ 
than full lofid, in order to obtain regularly tinned ignition. In 
the (llohe N'aporisin^ system just d(‘seii})(ah only suthr*ient air is 
drawn through tlu' bend extension to assist in eoinpkii' vapor- ■ 
isatit/ii at a ! iwer tein])erature, and in this exception to the 
ruling practice, only the suppleiin'iilary air su})ply ami not the 
main su])])ly is cut. out. 

The a(l\antagi‘ of this 
method is obvious, as a 
greatm 'Ai'ight of air tain 
be ilras'Mi in direct to the 
cylinder tdian t.hrough the 
hot vanoi'iser. The (!api- 
tain (uigint* (tig 7d) 
jireo ds anothei *‘xample 
in v'lieh this method is 
Tulopted, but in inodilied 
form lien*, the supple- 
meniary aii sup])ly at A is 
adimited by an auxiliary autonialie vahi* at tin* end of a tubular 
combined vaporiser and ignition tube, V, the charge of paraffin 
od being injected by a feed pump Uirough the duct, 0. In this, 
the main air supply is drawn in past the valve. A, direct to the 
cylinder, exceptiii!’' during “ cut-out ’ strokes, when the exhaust 
valve is held, open and the puni}) out of action. The biT^’iier, L, 
is kept alight continuously, and the cone-shajied combustion 
chamber, C, 1111 jacketed. Thus for the smaller sizes thifi engine, 
which is of the short-stroke* high-speed enelosasl crank type, not 
only works well but occupies comparatively little space. 

The C/ampbell vaporiser is better adapted for j^orizontal 
engines, and as rjhown in tig. 74, foi* the smaller sizes to run on 
paraffin oil is fitted with an ignition tube, T. and a comparatively 
small v aporiser, V, through which the total supply of air from A 
is drawn jiast a combined air and oil feed automatic valve, the 
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paraffin bein^^ Hnpplied from an ovi^r-cylinder tank to tlie pipe, 0. 
This vaporiser, \v}ne,b \u totally eovinvd by the burner clumney, 
is conn('et('(i to the siik or (*nd of Urn eornbustion eliamber by 
a passa;^n\ (J, lo(‘ated about balf-way down; tUns th(‘ charge 
of vapour and aii’ does not IxH'Oiue so dilated ^ it would if 
•connected at the tube zone. However, as desigmai for engines 
of larg<U‘ siz('.,withna,ut.omatie igniter (tig. 75), tlu' vaporiser, e, is 
connected to the ‘cylinder end by a 
bend at th(^ base, with the automatic 
fuel a, ml air valve, at the to]). Al- 
though classed umler jiaralhn vapor- 
isers, seiui-ndined or niteniiediate oils, 
such as gas oil, can be used with this 
form of \aporiset in ('Ugines of the 
laiger siz<‘s Tlu' automatic igniter 
(consists of a })lug, //, having two 
ducts, on(‘ extending downwards to 
an elongated cell, and tin' other 
elosiai at the bottom , tiie Dmiperature 
of th<‘ plug can be n^gulatinl by a 
sliding eovei, h, which, at- starting 
with the burner alight, is taken off. 
Theie is a cap at the base of tlie plug 
, .. , to facilitate cleaning, which is a point 

Fni. 71 .— Caiiiplif'll tianiHni oil . ^ ^ 

vaponsn with sniftin- feed of some importance in running on 
inp'C'tioii and laiii{)-h<aLed | lieavicr oils. Ill all vaporiser 

’ engines, excepting those of small size, 

there is a tendency for tlm heated mixture to explcnle violently 
when under full load, thus causing more or less pounding 
accordiug to design of vaporiser, brand of oil used, and, of 
course, size of eylinder and degree of compre.ssion. To suppress 
this, either the exhaust valve may be set b) close early, or 
a bye-pass titted between the air and exhaust pipes ; c>r again, 
and the most usual practice, a drip or injection water feed 
can be li,tted to th(‘ eylinder as shown at 'iv, in tig. 75, or 
to the vaporiser as shown at ‘lu, in fig. 77 ; but in eitlicr case 
is only ret|uired wlien running at or above three-fourths the 
rab'd load. 

The vaporiser used in the Tangye engines is more of a 
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globular foriii, as shown in tigs, 7b and 77-^ oilicrwisc, excepting 

in minor de|<‘iils, do(is not mattn-ially diijjei’ from ll]os(j just de- ^ 

scribed. Jn this ttu^ air admission and^oil feed are conti'olled 

by tlie automatic valve, n, on the globular exiension, r, M'ith ^ 

the ignition j^be arranged ^ 

cith(‘j« at th(‘ (‘lid, as in s 

tig. 7(i, fot (he smalhu’ ^ ^ ^ 

siz('s. oi- l)(‘lovv for^larg(‘r • 

engines, • wherevviiii (lie 3 & 

burner is rw)t fispiin'd || 

alter stAidiug b(' long as a ! Ijl I 1 

continuous load does not ^ 

full iiiurl, oiic-liiill' / R-IJ 

th(‘ pn\v(‘i ol (h(‘ engim' |(<j [ 1 li 

The od feed to apei tines — 

on th“ air-valve sisat is >\ 1 ^ ' 

conn('ct(‘d lo a eistein f-' |! 1 0 1 fiy 

maintaiiK'd at constant ^ 

level by a pump d'he ,| ' M \ 

Snath - Dudbndge \s'iT>or- 

is' ,ho\vn in dg 78 is " ^ 

•®f the same type, but ^ ^ ' ||l|i|L jy 

smalJcr; a dri]) fe(*d is \ I |||1| 

us(‘d and regulated auto- ^ ^ ' flsSir- Ji/ 

maticall^' I > 3 ' the opening | toWS ^ 

of the ait-adiiUHsion valve, - - ' :: * 

a. raradin oil is supplied ' 

from a eistern (tig. 7!)) to | 

a regulator valv(‘, ye eon- ^ 

trolling the rate of feed Campbrll vapomei and %iinmatio 

to an aperture, leading ifciatu. 

to the air-valv(. seat, as shown in tigs. 74 to 77, hnt in this 
.instance the oil hw'el in the feed cistern can be adjusted by a 
shell-plug, h^^ means of a curved overflow groove, ir, to the 


return outlet, />, leading down to the main tank, the exact level 
being indicated by a pointer and indexed dial, x. Pai* ffin oil is 
sup[)licd, as shown in fig. 52, by a pump up the geyser inlet,/, 
to the plug well, whence it is drawn via the flanged connection, 

V, to the feed regulator, p. The vaporiser is encased by a close- “ 
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fittino; (*owl a fluc^-door juHt Below the ignition tube, t, 

used i() start on Mini l<v coMtinu<»us T'uiinine on loads. On 

ordinary woikin^^ loads the lamp is unnecessary, tin* i<ji;nition 
thou beino I'lleeded by the hollow star pbi^, </. ^.As in engines 
with un jacketed pum})- and suction-injection vap^^'isi'rs, shown 

in li^s 7d to 7tk the 
Hpaal of the engine is 
conO'(»!l('d by holding 
<ipen ibe (wlnuist valve 
bv an aut,omati<*. trip 
''■(•ar on the earn leva'r 
\)])eraU'd by an ineitia 
g()\ ernor 

A \ e,ry sim]>le. form 
of vap(^risi'r with direct 
pump injeelion snlliees 
for I vvo-st I ok<‘ engimjs 
of the piston- controlled 
air-a,dniission and ex 
haiist ty])e as. for 
(‘'xam[)le, shown in tigs. 
HO and HI : such engines 
may eithei have an 
enlarg<‘d piston expul- 
sion to the ])ower 
piston, or an ( iielosed 
crank chamber (these 
two methods being 
Fig. 7() -Tiaigyc siiiim.*; foci bulb x.ij.oosm, sb .v, cmnerally used in 

ing stinting and igiiilioii lain]- ' i • , \ 

• all engines ol this type) 

to stu’ia* iln^ purpose of an air ])nmp to displace the. exhaust 
contents, by an air chtirge immediately alter the pressure^ in the 
power cylinder has fallmi to btdow that in ilu' "intermediate 
transfer chamber,' which with annular displacenu'tit as shown 
in tint horizontal engine is the chamber below the outhd \alve, a, 
and in vertical caigiiu's is the crank chamber 1 here are no 
valves subjected to ])re.ssurc‘, nor indeed any at all, with a design 
as shown in lig 81 However, engines of this type have their 
faults, the worst of wdiicli is a limitation to range of speed 





PAKAFKIN VAP0RT8MS. 


• 129^ 





Fig. 7 .' — Oil-nu*a.suring valve used 
111 the Dudbndgtj lauip-heated 
va|>o.i!?L'i for paraihu. 
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excepting at low speed, owiii^^ to excessive clearancc\ In other 
respects these twao-stroke designs are uni(]ue in their simplicity, 
requirinjjj neither side-shaft nor valves. The most smicessful 
form of vapoi'iser is the f^lobular or hot bulb, which fur paralhn 
vil may be lik(med to a bulb-end i;^o)ition tube, the vspray- 
injection pump cqn be operat(‘d direct from tlu*, crank shaft, 
and the late of feed be governed on thp “ all-or-none” or 
variable system ; the method ^'ivin^ tlie best results, however, 
is to eom))ine the two, usini^^ the “cut-out" 'below half power. 
For small* paraffin engiinis it suffices to spi'n}^ the charge on 
to a dellector as at t, from a simple form of noz/le as at j, this 
usually having a check valve, altlioiigh not absolutt'ly necessary 
unless at considerable distance from the injection pump. 



CJIAI’TKK VL 

■ INJECTION VAPORISERS AND ATOMISERS VSED iK 
ENGINES CAPABLE OF RUNNING ON SEMI- 
RFFINED, CRUDE, AND RESIDUAL OILS. 

Thk {(I si. iiLstaiKT Oil ri'cortl of liquid fuel being used in an 
iiiLcrn.il combustion eneine is that of Street’s gas pump of 1794 ; 
in this (uigine v(‘getal)lt\ animal, or mineral oil was poured in 
measured ehargi's into the lower end of a. vertical cylinder 
suiqjorted and partly' sui rounded by a fui’naee when the ])iston 
• - ’inccted by a beam to the pump plunger — was near the 
b( in of its st’ olvc, a cock on tlui fi^ed pipe was then closed, 
'tind air forced in by a hand pump until the mixture exploded. 
Thi> firocess, men in comparison with a Newcomen steam 
pump, was necessarily slow, but in the light of present develop- 
meni;S noiu' the less interesting. Hargreaves slow-coinbustion« 
euL’ine is ;i diicct development of the iStreet engine, amf, 
judging from one shown in London in 1888, worked with an 
economy unsurpassed by any engine of to-day, considering tjie 
nature of the fuel used, ddiis was a two-stroke pressure-air 
admission fuel-injection engine, but- worked with a \ery loW 
range of piessure which was fatal to its making the headway 
expected in the face of improvements in steam, gas^ and oil 
engines following soon after. However, the purpose here is 
the consideration of the diherent methods used in more self- 
. Contained and higher-pressure engines capable of running on 
heavy residuid oils. Of these there arc four classes: (1) the 
: carburettor class, limited to the more volatile liquid hydro- 
carbons , (2) the vapour-feed vaporiser cla.^s, for use with refined 
^,and semi-refined flash-proof oils; (3) the injection-vaporiser 
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class, and (4)tLe iiijticti on -atomiser class. Engines having an 
unjackctod vaporise^ will] injection teed, excepting those of the 
smaller sizes, are generally adapted for running on semi-n;fined 
oils, and in tlie largtn’ sizes on crude and residipil oils, which 
latter remark also applies to compressed air an,d mechanical 
Uomiscu' engines of the high -compression slow-coml/dstion 
class, which, . being entirely independent of a vaporiser and 
capable of'Rtarting cold, are alone suitable fer engines ot rt'ally 
large jiower. 

Injection-feQd Vaporisers adapted to Four-stroke Engines, 

— The first to use an unjacketed vapoj-iser with a direct pump 
mjectioTi fcicd was Akroyd Stuart, who, after sexa^ral experiments 
with dillerent types of pump- and drii)-feed vapour-jacketed and 
flame-heattal vaporisers, arrived at the conclusion that for flash- 
proof lamp oils an engine should be independmit of a lamp after 
being starb'd; with this purpose in view, he conceiv<‘d the idea 
of a separate un jacketed vaporiser coTubustion chamber connected 
to the cylinder by a short restricted passage, this to separate the 
vapour, gcnerate(l during the injection ol the charge, from mixing 
with the ingoing air to the cylinder : also to alk)W the vaporiser 
to attain to a higher temperature. By this construction pre-^ 
mature ignition was preventeil, and by suitably arranged riba, 
vaporiser capacity, and compression, he was enabled to obtain 
reliable and regularly timed ignition under ordinary 1lu(‘tnat- 
' ing load (toiiditions. This was in JrS90, his two patents, 7146 
and 15904, of that year being then acephred under licence by 
Hornsby’s of (frantbarn, who have since then made many im- 
provements on the engine, but witlioiit radically departing from 
the original design of vaporiser. Stuart appears to have first 
tried an unjacketed vaporiser extension to the cylinder, of 
smaller dianuTer and without a restricted connecting passage ; 
this had an automatic valve at the end for the air admission 
and the injection nozzle on one side, and was included in his 
' 1890 patent (7146), this, however, he decided to ahandon, owing 
to trouble, with premature ignition, the compression not being 
continued high enough for the injection to be delayed till the 
cornphTion. or nearly so, of the compression stroke, as now 
.practised in larger engines of improved design. His original 
design is interesting, however, in being the first, suitably modified^ 
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far a bi^^hei* coinpro.sflion, in which ij^nition could be timed by ^ 
the injecti<1ii, and althouj^h not then •ajj^ireciated as of any 
particular value for pai'atliii, the advauiaj^e of a bouiud, dome, 
bulb, or pear-*ihaped form ol unjacketed vaporiser, with direct • 
injection spray Coed, is now well rc'co^nisiid and •iccepted as the 
standard design for all lamp-started two- and four-stroke engines^ 
for running on the cheapei residual oils. • # 

A cross-section •)£ the llornsby-Akroyd bottle-necTv vaporiser 
is shown in fio K2, here will be seen the relative diameters pf 
the A'apoiisiii, contracted ne(‘k and cylinder, indk'ated at i\ t, and 



1^’ui. Sy Crosa siTtioii (>( vupoiisei used m the Hoiusli^’-Atrojd rcsidual-oil 

engine, slioivim; dt‘t.u]s> ol tln' lujoution fi cd. • ' 

• 

r; about midway alon^ one side ther(‘ is a diHiision chamber, , 
y, on to which is clamped the nozzle, j, this being screwed oi^tp 
the injection valve casing, containing a check valve, n, and , 
governor control, y, to the bye-pass valve ; the pump is capi driven* f 
at constant stroke, excepting for hand regulation, and forces a A 
full charge through the pipe,/', during the compressign strokp, ' 
surplus feed returning to the main tank ria the overilow, 
according to the load on the engine. In earlier engines the 'A 
charge used to be inpicted during the air-admission ^troke, thus. '' 
allowing more, time for vaporisation, which is an advantage ih , ‘ 
very small engines, but now with higher compressions the ; 
injection isTdelayed until the endof .tlm admission stroke, ahd/,! 
in engines of larger sizes until nearly the end of the compressioir^. 
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stroke. Rut to ivduce tlie angular period of tlie injection 
presents some ditficidt^ in four-stroke (‘.nginc's, ov^iiig to tlie 
motion <lepending on tke lialf-speeddsliaft, and to gi'l ov(*r this 
the plunger is heavil}" loaded by a s]»ring and operated by a 
cam with a sKarp reh'asci, the chargii is thus forced into tlie 
f^iporiser at great velocity, .and, whatever its viscosity, broken 
up into ininut'^ jiartiides. 

A simitar etlect is produced in the RustOn inji'ction-timed 
ignition engine, details of the v/iporiser, atomisiu', and force 
puiii]) of which fai'e sho^ul in figs. So and S4 Here oil drawn 
into tlie piimp ruf the J>ipe, />, on the outstroke of 1h(‘ plunger, 
e, is (phekly foi’ced ])ast a check valv(‘ and through the deliMu-y 
pipe, /’, to the stomiser at the moment the cam, /u, passes the 
roller of the pump lever, /•. The stomiser c«)nHiHtH of a two- 
diameter plnng('r \alve, y, which is raised against the r('sistanc(‘ 
of a stilt spring during the inj(‘ction pi'i’iod, the od tlnm being 
forced into the pear-shaped vajionser, / , in the consistency of a 
fine mist , //, and against the full foree of a very high eomfives- 
sion of from 250 to 270 Ihs p(‘r s(j in., the lift of tlu‘ injeciiou 
valve is limited by a stop to 0 02>-in., and the period of tlie in- 
jection to from to d(f, commencing about 10° oi’ so before 
the terminat-ion of the compressi(»n .stroke. Leakage of ])re.ssure 
oil past the piston, j, of th<‘ injeetion valve rt'turns to the 
bye-pass chamber of the jminp cm the pipe, u' and thence to 
'i/he tank liy tin* jiipe /. A cluarge is didiviuasl at- the end of 
each compression stioke, the (piantily being did-ermint'd by 
the b3m'pass valve, 7, which is raiseil to a variable extent by 
the governor, through the rod. 7, cam, c, and pivotfal lever, r; 
the fulcrum of this, consisting of the pointed end of the set- 
screw, .sv is adjustable. In order (.0 obviate any tendency for 
harsh impact IhAwcmui the cam and plunger, a fibre biiHer, .c, 
is inserted in the end of the plunger, tlius preventing metallic 
contact between the plunger and the cam-lever screw, The 
fuel-injection valve casing is jackcited sullicieiitly, as at /, to 
prevent overiieating, water circulating through this from 
the cylinder jacket to the water-injection air-snifting valve, 
/<, at the end of the vaporiser. The water feed found in most 
vaporiser engines is necessary to suppress a tendency to thump 
under hc-avy loads, which varies according to the nature of the 
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oil more water beinej required for criide oi] than for residual * 
oil. Ill this engine a very high com^rf^ssion is used and a 
small vaporisin'. For inf^fanee, on Jam e.rude oil a 40-b.hp. 
engiiKi on e'stended te.st sliows a maximum eonsumption of • 
050 lb. per bhp.hr. at full load and 0 7l lb. ai lialf load, the 



Ki(}. 8^?. — .Spi'l.ioii.'xl t'lpvaOoij of \ .i])oriscr iisi'd on tlip Huston rcHidual-oil 
otigiiic, sliowinj^ (k'tfiils ol Llie m<*clid.nic!ii .'itoimscr. ^ 


compression being 270 lbs. and maximum explo.sion pressure 
400 per sq. in. • 

In another test with a Kuston atomi.ser engine on Kussian* 
crude oil (running on a 52-b,h.p. load) the consumption per b.h.p.hr. 
"vyas 0‘45 lb., and on re.sidual or fuel oil 50 5 b.h.p. wa^ developed, 
on a consumpiion of 0'48 lb. per hour. The useful pressure on 
the piston during the full-load^ tests on residual oil averaged'. 
80 lbs., and 40 lbs. on the half-load, whicn shows an efficiency of 
over tSO per cent, of latent energy converted into useful work. 
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The inje(tti()ii vaporiHer principle has been taken up tA> a 
Burprisinj; exieiii on tlie*(\)ntiiient, but principally as* applied to 



Fid 84 . - rressun -jet dtomiser iiiid injietion inimit used ni (lie Rustiui 
t crude-oil engine. 


engines of the two-stroke type with enclosed crank chaniber. 
A; representative design of vaporiser with pump-injection feed 
is shown in tig. 85, applied to a twin-cylinder four-stroke 
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^ marine engine of Hii'ml'] i^ize. This, known as the Alpha, and of 
Danisli make, is a t^ypn*al launch engine capable of .’■uniiing on 
semi-refined and any <j^rj<de of llash-]H|,‘Ooi lamp oil . the cylinders 

I are 7’5-in diam. x 1 0 5-in stroke, and th(‘ rated pj)wer 118 b.h.p. 
The design is light, and of the open-build entablature form, with 
absolutely no embellishment. The vaporiser, e, of restimted 
passage desigp, is bolted to a water-jacketed cylinder cover and 
provided v\^ith a close-fitting cowl having twa hinged d('»ors used 
for starting with a blow-flame, and afterwards for regulating 
the tem])erature* of tlie va})oriser. The injection mizzle, p, is 
water- jacketed and bolted on to the side, the charge is’ forced 
past a simple form of spring-held check valve and tlumee through 
a plain jet apiu'ture, which remark also <Mpplies to the water- 
injectum nozzle, n\ wlnmce a spray is projected across the c.om- 
bustion ehamher and so into the admission and exhaust pocket, 
and is timed to fuiudfon dui’ing the exhau.st stroke. 

A s^iim^what hea,vier duly engine is the Hein, also a Danish 
make, illustiali'd in fig -Sh, and designed foi- trawlers and other 
marine craft, it is arranged with the admission and exhaust valves 
as well as the vaporiser on the cylinder head. The vaporiser, c, 
practically constitutes tlie combustion chamber, and is separated 
from th(' cylinder, c, by a long neck. The injection-nozzle easing/ 
bolb'd on to the side, is not water-cooled, the charge', is pro- 
jected on to the opposite sidi' of tin' vaporiser, which is slightly 
inclined to project the conb'uts during c.xpansion away from the 
cylinder wall Ignition is tiimsl by compression, vajioriser capa- 
city, and Icnglh of neck, the charge is injected during the 
cotnjiression stroke. Tlie llein e.ugines, whicli can lie run on 
semi-refiued or residual oils, are very suhstantially huilt. 

The f^rossley residual oil engine for medium powers, see 
figs. 87 and 8<S, is constructed more ou tlie lines of the oi’iginal 
Akroyd design witii dividing neck, in that the vaporiser, r, is 
connected to the valve chamber of the working cylinder by a 
restricted passage, //. but is smaller, of spheroidal form, and 
works wit[i a liiglier compression. The fuel-injection atomiser 
is fitted with a s])ray nozzle, ;, having a series of diagonally 
disposed orifices de\iHed so as to project the spray in conoidal 
form against the heated cuirved wall opposite. Only the outer 
half of the va})oriser is unjacketed, the line of tlui dividing joint 
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being determined by the size of engine , there are no ribs or other t 
internal projections excepting the ignitifm tletachable thimble, i, 
at the bottom outer end, ^’he fuel — whtch in fjuiie small engines 

is paraffin, brit whici) in engines over 20 bh.p. may be semi-* 
refined oil, and in sizes over 40 or 50 b.h.p. Tesidual oil--is 
regulated by a variable stroke pump, which is go\'ernor-co1i- 
trolled on the stepped-die principle, the g^verm)r also brings 



Ei(i, 86. - Sfction.il elev'^atidti ol inn'ciion vapoiisci ainl oylniili*!' luaid used m the 
Heiii iiai-oil TnaiiiK! «ngiu(‘. 


into action a sf jond pump for supplying injection w|Lter to the 
valve, A, communicating with the jacketed half of the vaporiser^ 
as soon as the speed of the engine falls below a determined limit ; 
this is necessary to maitralise the effect due to overhealying of the; 
outer end and to suppress unnecessary violence of the explosions 
when working at continuous full load, which then may attain to 
a pressure of 260 to 280 lbs., with a compression of 90 to 95 Ibs. 
when running on gas oil. The useful cylinder pressure in a ; 
40-b,h.p. size engine averages 70 to 75 lbs., but without water b 
injection the explosion line is much sharper and the power de- 
yeloped less, and in extreme cases it causes the engine to poutid . 




;niter, and admissiuii-exhau^l 
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harshly, thus subjecting the bearings to unnecessary yjressure and « 
generally deducing the running efficiencrj?- orf the (nigine. The»6 
remarks apply to all va])»riser engines* depending on a heated 



residual -oil engine. 


‘ Surface for vaporising and igniting the charge on variable lofwi/. 
Conditions. however, an eiigipe were only required to run at 
or near its rated load, the vaporiser could be so proportioned as id 
* entirely dispense with water injection ; but such an engine W0Ul4 y 
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not nui economically on reduced loads, c^ven if provided with 
an ellective i^ liter • IL order to overcome this difllcalty, which 
increases with the size oHhe enpme liMier eompn^ssions are used, 
and the I'uei, instead of hein^^ iiijected durin^r the total period 
of th(‘ compression stroke, is limited to a jieriod of dO'’ to 40"'; 
thus the rapidity of comlmstion can he controlled to a ii,reat 
extent, provid'sl that a suitahli' atomiser is used and the 
couipressioh Iii^di enou^-h. Jn the Crossl(‘y'''eniTin('H of really 
large power, the atomiser valve is opened hydraulically by the 
charge admitted from a hig}i-|)i essure supply ])nst a. siaiieaction 
mechanically-controlled admission valve , the injc'ction period of 
the atomiser can thus Ix! more sha?-ply determined than by the 
direct action of a. quick-action forc(‘ pump This method also 
lends itself with advantage to engines having multiple e\dinders. 

The Teasdale oil engine, shown in tig. Sh, is fitted with a 
vaporiser of very similar design to th(‘ foregoing, in that the 
elongated vaporiser, e, is separated from the woi’kiiig cylinder 
by a narrow jiassage, into whicli the air-admission and exliaust 
valves, o, lead. The outer iinjaektded lialf of the vaporiser ia 
ribbed internally, and sei-ves to ignitv tlie charge. The injection 
nozzle, /, is conueeied by a pipe,/, lo a variable throw pump, p,^ 
which draws its supply fmm a tank, /.• t )ther four-stroke pump- 
injeetion engines of British make, besides those described, that 
are capable of running on scmi-retin(‘d oils, are the Bates (fuel oil), 
‘imperial, National, Bidding, Shardlow (fuel oil). Turner, Walsh 
& Clark, and others, all of whicli are of the horizontal type. 

In the Westingliouse high-speed vertical engine designed for 
seini-rdined oils of intermediate grade between the lamp oils 
and fueboil residuals, known as gas oil, there are two com- 
bustion ’chambers arranged in series, one serving the purpose 
of a valve pocket, f, but extended all round the cylinder in the 
form of >in annulus (see hg. 90), and the other, an unjacketed 
extension upwards of about one-half the cylinder diameter, 
serving the puiqiose of a vaporism’, r The peculiar feature of 
this engine is that only about two-thirds of the charge of air 
drawn into the cylinder is compressed into the tubular vaporiser 
extension, the aunulus. /, being located so as to be cut off from 
the cylinder when the piston has completed about eight-ninths 
of the ujistroke, and as a result of this the rise in pressure fot 
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the last iiititli of tlie stroke jh incr(;asecl styeo (>() percent, beyond 
what would result with the total cleara^iietf arranged to ])e at 
the end of the cylinder; further than this, a more; sustained 
combustio]) is claimed, as the period of the injection coincide^ 
with the period of the stroke during which the annulus is closed* 
Ignition of tli 2 cliargii is defiiutidy tinical by tlyi injection, which 
comriiencfss a few degrees la.dore the end of the stixike and is 
Continued forward, almost to the point at which the annular 
chamber is utu'ovt .ad by the pistorT when workir^ at full load. 
The fuel is sup[died by a variable strolfe ])ump, f, regwilated by 
a cam, k, and governor-actuated stepped die to an injf'ction 
atomiser, provided with a. spring-loaded diffusion valve opening 
direct into the vaporiser. Ihdiind the atomiser valve thiTe is a 
ball vai\ e, which form of valve is fitted to the pump in duplicate, 
Air is supj)lied to the subsidiary chamber, /, through a cani- 
operab'd valve, a, and to the super-compression chandler by the 
valve, td, also cam operated , .r is the exhaust valve. The com- 
pression in the annulus is IdO lbs., and in the vaporiser 180 lbs., 
tlie c-,x})acity td each being approximately espial to oiK^-ninth the 
pis' j displacement. 

• liie \ aporisei illustrated in fig, 91 is the modified form 
used on the largei' sizes of Dudbridge engines for semi-refined, 
crude and residual oils; in this — adapted for engines of the 
'hori/.ontal typo and for powei's upward of 40 b ]\ p. per cylinder 
“—the fuel, instead of being drawn past the air valve from 
constant-level cistern by suction effect, is inj(s;ted by a variable 
stroke pump through the regulator, p, and (luct, c, to the seat of 
an atomising valve, a, the duct, c, being of (piite small diameterT 
a variable water injection feed is forced in through-a:hother 
regulator and duct, w, on the opposite side. The vaporiser cap, 
is unjacketed end jointed to a jacketed combustion chamber 
extension, h, separated from the working cylinder by a short neck, 
c; one of T. (h Smith’s automatic igniters, g, similar to that 
^md in the Dudbridge vapour-feed paraffin and semi-refmed oil 
Engines described in Chapter V., is fitttid low down at tlie end of 
the vaporiser, and enables the engine to run continuously on a - 
fight load without the application oP extenml heat. The main air 
IS by a cam- and lever-operated valve located on the top 
;0f the cylinder and just over the exhaust valve. Other supple- 
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iiieiitaiy airivalvc spray-feed hoi’izontal en^^iin's of lar^^e size, 
such as the ^Jaiiiphell and dangyc, an* alsf) ca[)ahre of running 
on crude and i-esiduaf oils. ' 

All engines of th<‘ direct-injection vaporiser class require n 
.more or less specialised form of cylinder, and for this reason, if 
for no other, are ill adaqited for conversion as gas engini's, and 



FlO. 91 — ScrLii>iid.l ()l v.ipoiisoi lui I )u(|ln ci (‘iigliics, 

C)i hu-l uud wat.ci 


vice veraa gas engines, and more particularly vertical engines 
witli ipultiple cylinders, re({uire coiisiderahlo reconstruction to 
convert them to injection-oil engines, and in no case could such 
an engine be arranged to run successfully on the change-over 
interchangeable principle, leaving out the question of cost. 
explaine'd in the last cliapter, exhaust-heated vaporiser enginei^ 
lend themselves conveniently for the necessary alterations tl^j 
run on gas. Tangye’s, for instance, make an interchangeable 
engine with exhaust-heated vaporiser arranged to be started Qi:. 
run on oil-well gas, crude benzene, and to change over to’crildo^ 
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oil, for which fc]i('rc is a demaiul i^ the oil-fi<4(ls; tliis engine ii 
fitted Avith a. vaporiser that works on tl-c y\pora^ve principle 
and this Ixhng limited to^ a teinp('rati^T of 500° to 700°, j 
portion of the oil "fi'd hy ii pump and allowed to sjwtsad o\’er ; 
vertical evaporator— is rcjcadvd , this, however, is»of little con, 
se<]uejrH.‘e, as ec<Jti<)my under such circumstances is of niiruji 
importance t(') thal of <‘\p(‘diency, a more im|jtf)rtaTit factor thai 
mere ecf)nomy h'^in^ the ability of tin*- engine to he .sKii’ted am 
run without a lamn or heated sind’ac.e exposed to the atmosphere 
“(m'cums' iitct'S alter cases’’ is an axiom of ^‘ommon know 
ledge, and is particularly ap})licahle wheji a])pli(sl to* the com 
parative running <*osts of ditlerent fuels, as these costs an 
inllueiic'sl almost as much hy tke length of running time ai 
hy the actual cost o( the fuel used. For instance-, witli a ])ro 
ducer g-is plant 5 T h it p. c.an he ohi-ained for one houi‘ at the rati 
()f oik; T)enny even at the present pri(*e of anthracite— 4()s. pe: 
ion, — when skilfully handled, and thus is seen to work with ai 
efhciency of OSC Ih per b.h.p. hour; this is clearly, thmi, oiii 
of ihe most ('eonomical fuels for developing powers under 20( 
to b.hr. when re<pnred for day-to-day continuous use. If 
ho «e/er, i)Ower ‘s onl> re<juir(‘d on alternate days, or even a 
l?ss fnapient intervals, and then for onl}^ a few hours at a time 
semi ’'etined fuel oil, known as gas oil, for instance, costing 100s 
to 1 jds. per ton or more, may he more economical, notwithstand 
ing th.-tt the actual ditlerence in fuel costs are as 4’5 lbs. anc 
15 Ih foi one penny, and the power value as 4 and 2 b.h.p 
for one hour lor om* pemny. The reason for this is to b( 
accounted for not only from stand-by Josses, but by the coi^ 
veuience of being .able to start up at an}? time at short notice 
This in iiiany cases is a factor of even greater importrome thai 
the comjjarativi; cost of the fuel used. Clearly then, when tin 
hundreds of jiroducer, oil, and town-gas engine installations ir 
use in this and other countries, and the frequent changes in tin 
running conditions are considered, there must be many casef 
where it would be an advantage to the power user tg be abh 
to change from producer gas to low-grade oil, or vice versa 
This points to the advantage of a vaporiser that can be appliec 
.to any ordinary horizontal or vertical gas engine without altera- 
tion to the cylinder or the running gear, such advantage accruing 
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not so nuK'h frouAvctual fuel eeomony as from expediency, aitid 
is wliere a ij'oropea'Jy » designed induction-feed exhaust-lieated 
vaporiser, as illustrate in iigs and !)d, sliovvs to most 
advantage.' Tins form of vaporiser, although apjilicable to any 
si/A' of enoiiin as usually run on anthracite gas, and adaptable 
for any number of cylinders from one to four, or even !;}ix, is 
here shown in order to bi‘ more explanatory, in somewhat dia- 
grammatic lay-out, this vaporiser has been . lesigned to convert 
a Ib-im X 2()-in. four-cylinder producer-gas engine to run on 
inteniH'diate gpidt's of residual oils, which can be obtained lor 
less than mie-half the cost of lefined oils. 

As will b(‘ seen, the vajioriser is heatt'd liy the engine exhaust 
and arrangi'd for instant starting up from “all cold” on jietrol 
or low-grade benzoline, but is adapted with litih' cliaiige lor 
starting on town gas. The va])oriser is boiled to a special 
exhaust manifold by the Hange .r and by llu; llange / to a- i)ipe' 
connecting to th(‘ mixture throttle, there is thus no material 
alteration to the cylindiirs 

In starting tln^ petrol regulaJ.or, r\ is opened about one- 
quaiter turn to marks shown in the plan view; the running 
fuel regulator, is then closed, and of course the water-feed 
re<nilator, 7 ’‘', also. On being set in motion for an initial tur^ 
or two by compressed air, tlic engim^ takes up its running 
on petrol drawn from a float cistern, _/‘ arranged an inch or so 
below^ the feed pipe, s, but not necessarily (dose up to the 
’regulator. After a preliminary run of tw'o minutes or so, pre- 
ferably witli the load on, or, if not, wdth the ignition retarded, 
file regulator, is o])eiied a full half -turn, the valve. /y Tiiean- 
wlnle must be full open to warm u]) the running fuel eontained 
in the eTvertlow constant-level cistern, f/. Low-grade oil is drawn 
pipe, />', and s])rayed into the down-take tube, past the 
seat of the linely threaded regulator, r^ hot air enters at to 
assist in spraying tiu' annular film , the Tuixture then ascends 
the internally ribbed composite well, t’L to the ribbed clearance 
space, ami thence to the annulus, connected to the mixer 
annulus, u, by the passage, where the vaporised mixture is 
mixed with air drawui tlirough the venturi nozzle, c ; this, as 
shown in the plan section, is of variable area according to the end^ 
wise Dosition of the plug, r/, and throttle opening. The unvaporis-' 
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able portion of tlie^ fuel (]rain:[ away tbroiigli tlic' pipe, ni, this 
bein^ extende^' dowii io the bottom of a tank on or below ilie floor 
of tlie engine-room. Tbe amount of fuel rejeeted dejH'ndH not 
only on the speeitic fjravlty ami boiling point of the iuel used, 
but also on the load the engine is earryino-, the pro})oriioii brdng 
g'-eater vvdien running beh>w half hra<l tlian ai)o\e owing to the 
reduction in tcmper'o.ture of the exhaust , this, how(o<'‘r, can be in 
part compensati'd for by retarding the igniti<)"^ and thus incri'as- 
ing the. pressure at the toe of tlui diagram, ddu', amount ( f water 
spray rerpiired also varies considerably for rlul'ereut oils, Ix'ing 
greatest for crude oils containing a high }K‘rcentag(' of tlu' light 
oils of the benzene and parathn serii^s , as with the find bs-d, the 
amount of water sjiray imluced varies automatically according 
to the suction effect and volume of air drawn in, and ibis again 
by the s})eed and throttle-ojicning , witii the water ho el arranged 
a few inches btdow the regulator, the feed is automatically 
reduced to a negligible <juantity, but is, of coiiise, better sliiit 
off when running continuously oti light load, its function iK'ing 
to suppress violence of tlie explosive aetion diu' to the high 
temperatur(‘ and pressure of tlie miNture wluui rn lining at 
full power. 

For an engine of this size ibe amount of benzoline or petrol 
reijuired for the preliminary heating of tlie vajioriscr is S i,o 10 
pints . tliis ineludes a redneed feed of starting oil, to be continued 
,two or three minutes after tlu' fuel-oil feed is turned on, but 
Ciuld be reduced to one-balf tliis by arranging for a supple- 
mentary parallin supply to be turned on to the vaporiser for a 
few minutes before turning on the lic.-ivy oil, as by a third float 
cistern counecUal to the feed pi]>e p'. In this connection it 
should Ik. .dated that an engine of this size in order to run on 
paraffin with a reasonable efficiency would not only ie(|uire the 
compression to be reduced to at least 70 lbs., but a bye-pass to 
shunt (jiiite one-half the exhaust from the engine to the escape 
pipe direct, this being fitted both with a liand-opm-atcd tlirottle 
and another connected up to the govenior, wbicli method is found 
to work well on paraffin engines required to take can* of them- 
selves on variable load. In regard to cousumjition efficiency, 
which at its beat is (|uite 50 per cent, below tlm*^ of a higli-class 
injection engine at full load and 70 per cent, at half load, this 
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may be ('onsidered as of soo,oii< ary ^iinpor/inre wlum power is ^ 
only reijutf’ed for a few liours jit a •tiiye aii(-' at nncertain 
intei'vals. ^ • 

Injection Vaporisers adapted for Two-strokir Engines. — • 

fiijection-feed vapnrjs(Ts an‘ better adapb'd 4br two-stroke 
engines tlian va})our-fe(Ml va})oriserH, as tlie feed (‘an be injeck-d 
dire(‘l to tlie va,poris(‘r after eoniinnnieation #vit]i^tlie exlianst is 
cut-off, flaa’e is irbus no loss with ^tlie escaping gifses, lau' ad- 
mixture with th(‘ ingoing air. th(‘ jiowca* duty of the cylinder is 
tlu'refon.' gr. atei*. owing ^o the cbarge botli of Jjiel and air being 
inj('eted e,uld , uhere is no risk of liack explosions. nr>r, in a pro- 
perly designed fiigin<‘, of pre-ignition. 'Ijvo-sti’oke engines arc 
r('lativ(‘ly elieapm' than four-stroke engines, powtu' foi’ power, 
but not so (M'.onomical, and are besides limited to 40-50 b.h.p. 
j)('r Cvdiiuh'-i'. Ibov^-Nt'i’, in many cases a simplified construction 
and less tirsi eosf- e.onnt lor more than a high I'conomy in 
fuel coiisiim])tiou and running repairs. Obviously a power- 
piston controlled .-'eidi's ol ports in the working cylinder causes 
iiT'giilar e\pansion around the jiort /one, T’eijiiircs more lubri- 
• e; t on, and. owing to the m‘ed for an early exhaust release to 
r< h (*(‘ the [iiesi nre to helow that of the air chamber, the pressure 
•on the piston during tlu' last fourth of the stroke falls away 
VC) e rapidly. Another set-back to vaporiser, and indeed to 
al' two si r’oke engines of the enclosed crank chamber and two- 
diametfs’ piston types, is tlu' huge amount of inert gases re-» 
tained in toc cylinder alter comjiression commences, this 
be remedied by a se})aratc air-charging pump of larger dis- 
placement than the power piston, but involves more tliai^ a 
commensurate complexity. Ivxcessive diluent of inert gas with 
the air clnrge j\artly explains the low pow('r efbciency of the 
piessure-air admissum dire(d-injecti(ni tw(.) stroke engine shown' " 
in tig. 94 , here it v\dl] be seen that the relative displaciiments of 
the pump, A, and power cylinder, K, are as R to I, and although 
the extension, of tlie power piston reaches to the bottom of 
the cylinder at the cud of the stroke, the clearance Sjjiace below . 
the cylinder and between tlie interstices of the reheater, E, being 
e(^ual to fully one-third of the eharging cylinder, combustion is 
consequently sk,vv and incomplete, y©t owing to the elaborate 
means provided to prevent heat losses by radiation and conduc- 
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air at about 40 lbs. pivssuro :4 lai-Jj^e^tiibul^r interchange!; 
is admitted for a])out t\ fourtn of’ llif* si^-oke Mid then cut off, 
combustion prcxieciding let ronstant lei'essure ike gases then 
expand to tlie ('ud of the stroke, and are exhausted at a fev%' 
pounds above the atmospheie —accoi'ding to l«id and throttle 
opi'fting — past one of tin* valves, V, and ])i])e, X, to the initer- 
chang(T. 'l^o reduce tlie ]>ressui-(‘ in the pufnp. v/ater is sprayed 
into the eyJiudei^as sliown, but is, obviously a mistake , the air 
is delivered to the interchanger via the pipe, 8, and admitted to 
the power ( yliiuier along pifn'. M,and eam-!ie,tijated lift, valve, V. 
Although the bottom end of the lolinder, J>, is fitted with a 
refraet-ory Jiner, as also the piston, and the iniuT surface 
attains to a very high (-(unperatiin*, thus comlneing to ciinserva^ ' 
tion of energy, eonsiderahle power is wasted by tluid resistance, 
notably the pivssu •■e-air admission and exliaust valves, which 
are i/ut of proportion to the size of the power cylinder. This, 
jlo vv-combustion engine with direct-injection feed, although 
iumborsome for tlic power developed, is capable of some im- 
P'ovement, but even ho is entirely outclassed by modern high- 
\ r ssure engines, ex^:ept jiossibly for tar oil, creosote, and the 
.,e <vier grades of petroleum residuals. 

As before explained, two-stroke direet-injeetioii engines, 
whicli are alike adaptable to the horizontal and the vertical 
form, are all, in so far as the power cylinder is concerned,* 
blithely valveless, all liave the same charactcristh; piston hea4, 
and opjK'sitely arranged series of admission and exhaust *pbTt 
openings midway down the cylinder, the depth of tlu^ exhaust 
varying from one-lifth to one-fourtli of the stroke, and^the 
admission oiie-inghth to one-sixth, accoiding to the designed 
speed. All ha,o an unjacketed globular, bull), or dome-shaped 
vaporiser. A characteristic of any of the \ariouH forms of 
vaporiser, disposition, and timing of tlie injection ^uid other 
ditiereiices in design is that it does not follow that a particular, 
design found suitable for one size of engine can be exactly prp-1 
portioned for an engine of eitlier a smaller or larger,power. 

Typical designs are shown in figs. 95-102, of which 
99 -101 arc for comparatively small powers, and not adaptafife 
for running oti*^rude or residual oils. Tlic two-stroke principle^ 
is alike adaptable to the horizvmtal or the vertical form 
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,<njectiou vaporfser oil'on^iiK'^ hu^ is most favoured in the vertical 
owing to the rpdueed Weight ot haae and size of fcmndation ; 
vertical engines., again, 1«Md tlieunseUaa })etter for coupling up in 
f'iiulti])lo. Al\ hough llu're Inive la^en literally hundreds of varia- 
tions in design, having for tlieir purjiose a more positive dis])lace- 
nie'.t of the iiu'i t gases, involving eilhei- a bigger aii‘ pump or 



Fun HT). -Srctioii '^Ilo\Mnt^ nnOiod (if coiiiicftnij; tln' iiijoction inv/zlr to tin' 
\ajioii.sev ot tlic Jlob'y two-sttokn leMduulMul cri^nne 

the use of air-admission valves, double-ported piston control has 
survived. *^lie form of vaporiser, method of attachment, form 
and location of the injection nozzle, and in a few cases where an 
atomiser is used, the particular design of this, constitute the 
principal variants in the several makes of this useful class of 
engine. 

The form of va])oriMer most generally adojtted is the bulb or 
globular, with a more or less contracted neck, as shown in figs. 
95, 9(), and hS-lOl . The vaporiser used in tlm Kobey residual- 
c4l engine is of globular form, but with tlie nect ii'idened at the 
base ill line with tlie ports below, this so that the upward- 
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deflected air shall enter the glojjje a]|d sw^'lp out^lie products 
coinlmsticfii. I'he vaporiser, which consl-iiites a Jarii^c proportion 
of the coinpnsssion space, l^selaiuped to ttie jaeket^'d cylinder cover 
by a lieavily-flatiiri'd cowd, e , this also carries the ii^echion nozzlef 
j, which makes a small o-roiind joint witli tla‘*vaporiser. The 


inflection iVaal is siip])li('d by a 
variabhi stroke pump driven 
from a govei’^ior-T-ontiolh‘d pivot 
block *on a nx'kin*;' h'vei-. tlie 
nozzh' is lormed to »*ause the 
charge to be injceted with a 
rotiuy movtmient, the sjmay 
thus expands by <*entrifuyal 
action To j)t'cveut ]U'(oi^nitioii 
on I'ull load, the injection com- 
mencing 40 " or so before the end 
of th(i stroke, water is spray lal 
in from a nozzle carimal by the 
h. ^ similar desi^-n is 
’ 'Wn in tig. fHj, but here the 
^ vaporiser, ^ i*^ smaller, and 
.s(;])arated from the cylinder by 
a long contracted neck formed 
iT\ th.‘. jackeb'd cover. In this 
engine tiie injection nozzle is in- 
clined so as to })roject the sjiray 
nearer up to tlie crown of tlie 
bulb. There are other ditl'er- 



ence.s, one of wdiich is the 
method of Imldirig down the 


Fi(.. lai.™ Globular v.i|)t)U8er usfcl in the 
Re.udmoie mauiH' ‘ll^]Ilea, 


bulb by a flange and set of studs; another is the jointing of 
the cylinder cover, the jackets being connected by ‘an elbow. 
Engines of this make, when over 40 b.h.p, per cylinder, are con- 
structed to work with a compressed-air injection atomiser, A 
somewhat identical effect can be obtained by an atoiJiiser nozzle 
worked at very high pressure, and in the Potter residual oil 
engine (tig. 97)^thi8 method lyis been adopted in combination ' 
with a coinpft:'.ssion space, of which only one-third is unjacketedv 
this portion taking the form of a small cap, v, held down by 




! 


Fig. 97, — Section ^howmi' v.i])orisiiif' itroccKi. used iii tlu* Fetter two stioke 
enoiiiis loi hfiiii-retined iind lesidiuil oils. 


is jiicliiicd, but differs in having a very restrict jet orifice, 
small enough in fact to ret^iiii'c a preBsure of nearly 2 tons to 
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force the jet throuirh during tjie period ]|niitod|to some 80 ®. 



Fig i^8. Section sliovu!)^' form of f^lolmlar vaporihor used in the Hiilinders 
two-stroke tiiKUie tor semi rolint-d and residual oils. 


be, and is, controlled by timing the fuel injection wit^iout water- 
’ spraying in the cylinder, which is of course an advantage at"' 
; sea, and even where pure water is obtainable, as its etlect on the ’ 
w' cylinder, unleftJ-^^'efy sparingly used, has the tendency to combine ' 
' with the. oil tilui, and with some fuels, to cause corrosion. In'*’ 
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„ the (lhinjilU)f| Patent, Pi/BO, 1{)()8), whicli foi 

many ye.'irs liVld lea liLi;' j)l;iee iin(]er tliis elas.s, tlu' '.aporiser is 
globular and ecynectrd (.> th<' cylinde' by two inebned passages 



P'lc 99 tSi'ffioD.'il .']cv:ilioii ot Alls.i tvo luaimi' (‘iigaie foi 

IkIivi (Ills, .sljowiiig \ . sponsor and (•(•vor cast in djh) pK^re, 

n (tig. 9S) , und(‘r one of tluise is arraiiged the nozzle. 7 ', so as ti 
project tlie spray in such manner as to swei'p out tiie burn 
gases, and thus h(‘tier to determine the point of ignition 
the injection. A feature in tliis engine (Swedish) is a special 
ised S 3 ^stem of duplex-injection pump gear, by*VPtjch the motioi 
can bo reversed with surprising ease. 
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Ihft W(‘ak point in all engineer , of tms cli^m \h tip unjacketed ^ 



Fiu. TOO. V.ijiouHing j)rocass used lu tho Marmot two-stroko manne oil onginoa. 


vaporiser, wliigk' ^«ltbjected to both a high temperature and the 
full force of the explosions, sooner or later, owing to the stresses 

1 1 
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set up by uiiJ<]nal ^ )L]>ause)ii, Jjows si^iis of deb'rioratiou, and, 
as would b(‘ exptH’t'd is‘ not eiitir*dy fi‘<'e from iiabiliiy to 
fracture. KorLJn.s leaswii it is llu' iisDal p?aetie(' to clamp it on 
to tbc- cylinA'i cov’er b\ a loose* j’lni^ or liy a luaivily-iUin^ed 
cf.wl, thus nnaimisiiio- fractuie at the neck and jaeilitatinjj^ 
r(ne\^al. In the Ailsa ( h'ai^ eni^ine, s1io\mi in liu^ !lh tie* orck 
of tlie vaporiser, e, is jacketed, and constitutes the cylimh'r 
cover, this in turn is clarvt)ed on to tlie c}llnd*r head by a 



Kii.. lei SoctKHi.il «1(‘\ ;ii loll of Uk' C u<i»'ll twij- a,i<)k( l>nllt-\M]ionsor 
iiijt'rt loll oil fiiciiK' 

loose rin^. e , in this design als(i the vaporiser is s(*lf- contained 
witli the injeetion noz/le, airanyed in an inclined position 
so as to piojeet the spray hi^h up on to the, niort- heattsl suilaoe 
()!)viously the ifijection should be straight up, but as this is im- 
possibh* with a centrally ai'ranj^ed vaporiser, a. compronnse cai 
be etfected by a?-ranaino- the vaporiser in an inclined position 
somewhatjas shown in 97, oi’ witli inchned portways, as ii 
98, thus enabling the s])ray to be pimjected mhdit on to tin 
hotUvst part, oi neai-iy so, and to be ujore unifoiinly vaporised 
this consideration favmirs a liorizontal dispositYd*’, as shown ir 
h^' JOI). A somewhat similar cHect can be jiroduced by arranging 
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♦ , ’ • 

a ])r<jjectioii opposite to ilie i ()zz].p as sM>wi) J()0-]()2, 

and altlion^li liavin^ tlie desired etfeetnnl'yMiHliTs of the smaller 
sizes, wit!) the injeetion eoJ.iineneiii^ at Tin eai 1\/ period of the 
eomjiression si.roke, this method is not so ell'cetiial fo^^tJie heavier 
oils, as the sjiiay does not eome into iinmediate* e.ontset wifh 
the hiTlh unli! hit'* in tlie stroke Tn the Marmot en^’int^tlfts 
projection, 7 (ti^; 100), forms a part of an nnjaelj^ted cylinder 


f 



• 

cover, and in tin' (kidell engine (fig. lOi) is integral ^with the 
bnlh, r, tin nozzie., in this instance bi'ing inclined so as to 
project part of the spray up into the bulb, this would seem to be 
he more idfective plan, but has the ilisad vantage, as bt^'ore, in 
limiting the 1 unction of the bulb more as an igniter than a 
vaporiser. Here, is shown the details of tin' injectkni plug, with 
du})licated ball-check valves and detadial)le nozzle wiih simple 
form of spray orifice. Tlie dellector principle is shown in modified 
manner in the Bergsunds engine (Ikg- 102), here the vaiioriser or 
compression spr.k, is a jacketed extension to the cylinder, in 
which a curved deflector of grill formation is bolted to an un- 
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jacketed covi^T, /, B^ld iii| placle by the lamp cowl, c, in tliis 
pii ne ( bon/ontal ) ike ]iie> is injc'ctetl 011 to tlu' ^rill liom below. 
J^arallin can b<\ns<‘(l in'i,be snialh'r sft'.es ol aipv of tlu'sc engines 
with a c()pioi':s injection of water, the iniThod irencrally adopted 
hi'^in^ to inject eitlier liy a pump, a.s in th(‘ laroan M/es, oi- direct 
front ebe cylinder jacket to a, iio/zle either to the adniissioii port, 
as at // in ti;^; 9r>,''or above the poi t zone' as at h in tii;;. 100. 
Besides the two-siroke dir/'ct-injection enytujhs described, need- 
less to sav there are a number of others, includin^^ (British) 
the th'clops (OIc “ke (hiapman), (loates, Krornliout ( Ideidw (to.), 
Martins, M itchani, Nat, Bolloc.k, Standaid(Sim})soii A: Sti'ickland), 
Walsh At tdark , (American) Blanchaid, Midtz A Weiss, Ihimni, 
Bernin^d-on, mostly adajited for semi-retined oils, known as dis- 
tillate, (DanisloTuxham : (Norwe^dan) (Irei . ( 1 )utcli ) Kromhout, 
(Russian) Zkval, (Swedish) Avance, Baldei, Dux. Munktell, 
Primus, Svea, Skandia, (other countries) Fafiiir, Voi^'litmaii. 

Compressed-air Injection Atomisers.- -With the initiation 
of compression by Boulton in this country and Beau-de-Roehas 
in Prance, acting indepeiuhmtly, in 1868. the latter including in 
'Lis specilicatioii a clearly described method of earr\ ing this 
into etlect, also a statement dmnonstrating the th('Oietieal and 
practical advantages that would result from eomjiressing a 
charge of explosive mixture before ignition , so B Diesel in lua 
British Patent, 7241 (1892) stated that a further eeonomy eould 
result from tirst compressing air t(» sucli temperature that a 
pulverisc'd charge of fuel would ignite s])outams)UsIy during 
tlie {irocess of iiijection, thus instituting the constant-pressure 
p'-inciple now so widely adopted in liigh-compiH'Ssion atomiser 
injection oil engines of larg(‘ power. Tlie method of injecting 
the cliarge of fuel into higlily compressed air by a super- 
compressed charge of air, so ditlicult to dispeu.se with, was also 
desciibcd by him in another patent tlire(‘ years later, this being 
(jiiite ten years before the ailvantage.s of this system were tully 
recognised. Higli-compressioii oil engines have the unique 
property* of running on low-grade li(|uid Imds without a 
vaporiser, but in oi’der to do this they must be worked at a 
pressure liigb enough to jwoduce spontaneous combustion by 
heat trairsinitted to the e.harge dynamically imposes a 

condition of some difficulty, as with the most perfect form of 
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atomiser eom])ressions 450 Ico 55^^]b8 must be < 

listed ill the workini; eylimler, and the 5'iii^ b»‘ oijeeied Im tlie 
aetion of an air blast su|*})lied at a pressure^c]^ not less than 
700 lbs., and foi' some of tbe more refractory fim^s as liitdi as< 
900 lbs pm- s(j. in. Yet, des]>ite tlie lu'eessiiy lor fmaline- Irlie 
' fuels against iJiis pressure, and the power absorbed iil’^ccfln- 
pressiim the inieeliou ail, in volume e<jual* t(j /i]>proximately 
one-tenth of ^be inain eliar^e, also •tin' m-eessity for specially 
hiy'h-u^iad<‘ woi I ' iiansbip, the thm‘ino-dynamic advantage gained 
with this system is so <‘onsiderable, ami the sta.«<in^ and control 
H()sim[t]ili(‘d, tliaA.foi lai’i^e jiowers there is every naison to suppose 
that it uill <-out.inue to hold its present pre-eminence. 

'the lijeh-compression ]»rinciple is e(jually well, or even better, 
adajiled to the two-stroke than the four-stroke cycle of ojiera- 
tii'ii, as the neei'ssaiy \olume of air for ensuring a thorough 
scaveiiging (hi'ret (-an bi' lilown through the cylinder without 
risk of canyiiig aw'ay to w'aste any of the fuel injected for the 
sucee(abng ^ barge 

hurthei high compression rendiTs it ])ossible for an engine 
0 ' -ther constiuction to be as quickl}- started from all cold ifB 
Vin • ngine run by town gas or petrol However, much ingenuity 
has been directed towards keeping down to the lowest possible 
limns tliis necessity for the use of high compressions, with 
wliich objfct the form of atomiser used has received a particular 
share of attention. The most successful method so far is to* 
supply the fuel charge to tlu' annular clearance apace surround- 
ing the guide sh'cve usisl fora plain stem or needle valve, wliich 
on tlie valve being raised about I mm. otl‘ its seat against the 
pressure of a sti^’' sjiring is forced into the compres,sioi:^ clearance 
space — reiiresenting about one- twenty-fifth of the stroke in a 


continuous Jet h)r a }>eriod commencing at a few degrees before 
tlie termination of tie* compression stroke — to from 10'’ to 30'’ 
of the working stroke, this varying according to the hnid on 
the engine. The period of fuel injection is obviously determined 
by the (piantity sujipiied by the feed pump to the atc^niser, and 
is Hubji'ct to i-egulation by the governor to suit the load ; the 
space above or behind the injection valve seat is continuously 
open to the s<wper-compresBed supply of injection air, which at 
first forces tb ^ fuel charge in various admixture therewith into 
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ilie (‘yliiidpf-Voiiipn^-iRr'd cjiar"^, and tlnai coiitiiuieH as an air 
jet until the cfAses . iIiIr is the usual practice, Dut in some 

en^iiKis of ^tliA lnr; 4 fti' sizes the cui-oli' or admission ])eriod of 
tho air hlas' siniultaneously controlled according to the 
adiount of fuel admitted . this, althoutrli of minor iinportanei' 
w?th 'an avera^re Mit^'ing load, has an advantage on liglit loads, 
for the reasoif that the Ingj) pressure and citnijiarativel^y low 
teinperatun' injection air (rjusidera.l)ly couls t^lie Cylinder cliarge 
during admission in ex])anding down from 70t) to 500 Ills oi so, 
and consetpienl 1'^ reduces the eflicienc*}' of comhustion , ihere is 
furthci to he taken into account the power ahsorlxal in com- 
pressing any surplus of injection air recpiiicd for atomising the 
fuel charge Tin' form of diagram taken from an engine actuated 
in this mamu'r shows little or no initial incrt'asi' of pu'ssun* 
above that of highest compri'ssion. which may be as low as 
450 lbs foi running on semi-retined oils with an I'H'cctiM' 
atomisei, but more usually attains to 5<)0 or 55ti lbs. which 
jiresHUies are necessary for ('cononiy in working on residual 
oils iiTi'speetive of tin' form of atomiser used or pressure of 
tile injection air 

The vnlume of free air reijuired for injecting and atoiiiising 
the fuel charge vaiies from 10 to 12 pei* cent of the sweep of 
the ]iowei piston, and is usually compressi'd to the reriuislte 
pressuK' in a two- oi three-stage jnimp , this obviously constitutes 
aiy important essential to high-com}>reHslon engines without 
vaporis<u's, and to I'litirely avoid, or at least to minimise, tins 
essi'iitial many and various alternative methods have Ix'en tried 
with va’ying success, the mechanical or solid j<'t atomiser is one 
of these, but is more susceptible to derangi'inent from choking of 
the injection orifices, from pump leakage due to the ('Xc^ssive 
pressuri' necessary, and to wear of the actuating gear, true, in 
soraewdiiit modified form mechanical atomisers are used in several 
makes of residual-oil engines capable of developing 100 bli.]). or 
so tier cylinder in combination with a small vatioriser, such as the 
Bates, (j-(*iKsley, Hornsby, Kuston, Petti'r, Shardlow, and otlier 
engim;s, also air-injection atomiser engines working at a con- 
sidf'rably reduced pressure, but reipiiring before a small 
vaporiser, such as the Blackstoiie and Verg/e residual-oil 
engim n Thi'ii' is a-notlu'T method, in which air from the main 



/VND ATOMTSEKS, .• 1 6 7 . 

cyliinJer is n'ct'jved Into a small su}) 0 '-~conif#’essor mi the cylinder • 
head, l)y vvhi(rh iiu'ans HulhcK'iit air cafi l)f‘ h^kost^rl to the requisite 
])reHsur(; for forcing in ai?d atomisiii;j; the el^UT^c . but on this 
system (usc'd in ihe Twinekler injection (m^dne) tl^‘'air-injection« 
piinq) must be duplicated for each cylinder, anu therefore fan 
only shov' (o (he best advantage in single cylindcT engiiu:«?' • 
'riiert' 1-1 considerable diversity in the *par^*cular form of 
atomisei US(;^J in sup('r-(‘ompress(»l~air injection miginea, so 
much d(‘pendo)'.i on get I ing tlu' maximum comminution of the 
fuel, o) this end a iindhod much f#ivoured •is to cause the 
charge to aeipiire a high velocity vortex motion by The process 
of ill |(’cti()n, sonu'what as ado]»t('d in pressunooil liurners for 
furnaces, the resulting centrifugal aclimi ha.s not, however, an 
equal advaid-age as in a furnaei', the space being so eontined 
m the small eliMra.ia'e over the ]»iston wlien at the end of the 
stroke, and in practice it is found better to cause tlu^ air and 
oil to 1)(^ injected together, for this puiqinse the atomiser is in 
man\ e,i,si‘s formed with a, double annular space both converging 
t' 1 plain mi'rc seat for the end of tin* stem injection valve, in 
o »• designs tile charge after a.dmissi<m pa.st tlie fuel vaUe 
^is more thoroughly dispersed and furtlmr pulverised by being 
fons d through .-i vai iously disposeil serii^s of tine apertures in 
a disc or plate located close up to the valve seat, this 

in ‘Lh<'(^ is somewhat iindlicient owing to interference with the 
injection tlow^ from deposition of incomhiistihle jiarticles A* 
tvqiieal aiomisiT^ for a viwtical cylinder is shown in tig lT)8 , 
here it will l‘e seen that the fuel is delivered to the atomiser, 
against tlu' full pressun* (A the inji'etion air, througli a pipii, f, 
during the conqoa'Ksion stroke of the working piston^, when at, 
or a, few degris's before, tht* end of tlu' up-strokf* the stem- 
valve, /, is shaijily raised about one-twentieth of an inch by 
the cam lev er, /«, thus allowing tlu' charge of fuel to be blown 
into the elearanci' sp.me containing the cylimhu' chargi' of air 
compri'ssed to within 80 or 40 Ib.s. above or below 500 lbs. per 
sq, in., by a blast of super-compres.sed air at from 70(4to 900 lbs., 
and in volume cijual to approximatefy one-twelfth of the main 
(‘onipressiMl clmrge ; this air is lirvit supplif'd by a two- or three- 
stage puiii]) *5 a seamless steid separator chamber (knowm as 
' The ilki'^tnilioiis in tlii.s cliapter are taken fnan Has anA Oil Pouyr 
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a botll(6 to \)('rniitfu*oii(b/nH(‘(lj 8lea.ui and oil vaponi’ to settle 
before adtnissipi', to V-lu*' atV)iins('r alon<( the pipe, <L TIk' pei’iod 
of tlie lift Aai'ally from 5° before fhe z(‘ro lim* till 80’ after, 
and is not itbnally niubir ^mvmrnor eontrol The volnnie of tin' 
fnhl (diareje is deteriiiined by tin' feed jminp, either Ity varying 
tliT str. ke or by holdin<r open the suction valve, the inlet'and 



Kio. 103. Jross-scrtioiiul flevatien of cylmdia, show iiip details of ci)mj)ic,ssf''L)iir 
aloiiiiser and lnel-iiijectiun valve-ffear Uf-('d on tlip K tiff -Diesel residual-oi! eijeuie. 

outlet valves being invariably in duplicate.. In the example 
shown, the duration and extent of the fuel-valve lift ean be 
adjusted either by hand or governor control, by a yiart rotation 
of the eccientrie, r. a variable cut-ott* can abso be obtaitied by 
changing the point of coitoection by a sliding block and link 
n'otion, as adopted in large-power gas engine^ 'ilie advantage 
of synchronous governor control between the ihtal ]>UTnp and 
inject] a' valve shows more on light loads, as then the period 
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of fuel iiijiietion is alwjiys Jess thar oiie-]||alf, ami may be as • 
low as oire-fonrtli, Uie period that* tKe in lield open, 

COMHe(jnently moi’e than d(fiib](‘ Uu' volium' ()iiAi]^per-eom pressed 
tiir is then ii,s<‘d than is really n<M*essai y, but, morej^/portant still, • 
the siii'jjlus eool air oti expandiiii;’ (■onsidera})ly eools the inixtfire 
and otlierw^se interferes wrth eoni bastion , this is, Uevvefer, 
moiH* inimie.al to etheieney with the heavier^«»)ils In the 
atoniisrr slio\toi in ii^. I0‘{ bf)lb fuel and air ai'e supplied to 
a sinyh' anuuh;'^ around tlu' valv(‘ shsoa*, eonseijuently the oil 
ehar;j^e. to a *41 eat extent settles to tWe boltoiff, and is inje(ded 
With little or no aii admixture, tin* .sle<‘ve terminates in a 
eoiu' with inclined i;roo\es, e thus tlie oil on its way to the 
valve M'at a-Cjuires a rotaiy imjtion, which tends to disperse 
and more thoromdilv atomise tlie spray, the jriston liead, liow- 
ev'U', assists in (he jrroeess of \ aporisation, and is usually very 
thick, partly to pnw'eiit. fracture it is true, hut. more tor the 
[rurpose of ju'eseiitino a moia* hiii^hly-heatcd surfaC('. in yeiioral 
praeiice a sii'el disc, </, is screw(Hl either into the head of the 
cowu, or on to tlu* end of tiu' atomiser plu^, or, attain, is held 
1 ’ . 'ace by n rini^ nut a,s sliown — this of coursi' is to ensure^a 

, positively pressur<‘-tight st^at to the fuel valve. In another" 
exainj)le (tig. 104) th<‘ atomiser is shown arranged horizontally 
ht'iv.('en tlie air-adniis.sion valve, n, and the exhaust valve, X] 


from this the fuel spray is projected fi-oin a single oi’itice for 
a. variable period on the opening of the stem valve, /, hy a blast* 
sup})lle(l h^^ the })i}>e, (/ ddie fu<*l and air are supplied at points 
at right aiighs, and pass along grooves in the sleeve surround- 
ing the valve, hy tliis means the liijuid is delivered more •to 
the upjier side of the valve sisat, so as to be drive^i into the 
cylinder in a continuous jet. In another form of atomiser 
(Fielding’s) the^e aie two annuli, and as the fuel is caught by 
a lip on the under side and forced to the inner space, Both fuel 
aud air pass along tog»'tlHw to the valve seat. Tin* atomiser 
used in the llasselman two-stroke engine (lig. 105), known as 
the Polar-Diesel, ditiers from gimeral practice, as t()*the special 
form of sleeve used. In this, on the opening of the stem valve, 
the fuel coutaijii’d in the spa^:e surrounding the bottom of 
the sleeve is^forced up a series of openings to a short inner 
annulus next the stem, whence it is carried downward around 




ih(' l)y \ .‘lir l>Ui,st from d, and projf'cf('d into the 

cleaianee spaet' -.‘‘roiit- a serios oi’ diver^ln^ o])enin^^s, // eontaim'd 
ill the no/./]e pyU' .ser(d\(‘d on to the '^’end of the atoiiiis('r stem. 
As will h(' ^^^jthered from the form of the piston head, these 
engines work by piston-eontrolk'd air a<]mission .nid ('\hanst, 
whieVt 's a method havini^ .-it. least one partieidar advanta^m, 



as it leav('s the' <‘vlim]('r lu-ad free of other than the ioieetion 
and starting waives, tlie a.(‘(a)mm()<la( ion of the necessary valves 
ineludine fuel startiny^ air admission and (‘xhaaist on tlie cylinder 
cover liein^r the ’worst feature in all four-stroke aii -injeetion 
en^iiK's. 

For butaiine’ tar oil, creo.sote, ami the heavier I'csiduals from 
crude oils ha vine an asphaltiini base, either tin.' cylinder com- 
pression and pressure of the injection air nn^v be made hiirher, 
or the injection valve may be duplic.ated, one >yt.dn^" timed in 
ad\’ancf‘ of the other and connected up to a lighter ^n-ade ol oil; 
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arranged l()\tiiK*t a sh^hi Itaid suliiciciit of tlu' working 

charge iiii.o a '-aj^orkiiig oulh, f\ to run the engine empty 

and to ma 1 lit a he LAlh and ignitch rod, automatically and 
continuously^at tlu^ r('(|uired tempm'atun' lor ignition oi the 
firing (*harg(' dhdm' all \ aiaatioiis of load I 1 h“ second atomisei 
is varO^w'glit into action to a variable extent according to the hiad 
on the engine, thf‘ ' injection feed for this being under governor 
control . fdel from the ma;n atomiser is injecLeei dii’ectly into 
tlie cylindiM’ chairama' spacie and is vaporised and ignited partly 



Flc. lOC SiH'lKniii] jil.ui sli(A\iri'4 and \n]K>nsU)f>; {hoivss vised in ll'v 

i'davkstom' icsidual-oil v-ii'Miifi \mI 1 i doidd. )ci coiiipirHs.-d .111 ntnimser. 

by compression, partly by a projection on the piston head, but 
more from direct contact with the flame projected from the bulb 
aej-oss the issuing s])ray from the secondary atomiser. The fuel 
for both atomisers,././', is fed by a, variaide stroke })ump during 
the compression stroke to cavities behind tlie stem-inji'ction valve 
seats, whence' it is blown into tint bulb- and cylinder-compressed 
charge by a blast of super-compressed air supplied by a two- 
stage pui'np, c, to th(' inlet, d. The primary injection valve is 
opened a little in advance, but only for such period as neces- 
sary for in/iintaining the bulb at the necessary temperature for 
ie’nitiiig the primary charge’, the mam injection valve is then 
immediately opened for the admission of the working charge. 
Tlie primary vaporiser or ignition bulb, </, inr^'^t be heated 
externfilly at starting, but this is of small consequence in a single- 
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or dou})]e-oylin(ler Imrizonial engine, altWmgli fii a vertical • 
engine of ])ovver with multiple t;yXn(»ny y would i)e con- 
sidered detriiiieiital undei'averagt" coiu?lti<»ns- ‘ difticulty 

can, ljio\v(*ver, he over l)y usiu^ a inodifie.d forui|.'jf vaporising# 
hull), arraugrd to Im' lieahal at the stait (deftrically by- a 
resiiifauee eoil. As shown in figs 107 and lOS, the fiir 



admission and exhaust valves, a r. are situated oiu‘ ^)ver the 
otlier, and earn operated , the cylinder cover is unjacketed ; 
the piston also is provided with a, thick extension, n, both of 
which assist in tlu! process of vaporisation and f^oinhustion. 
The two fuel-injection stem valves, j, are operated by a quick- 
release cam and jjush-rod gear, m. and rocker levers, k, the 
valve, f (tigy;08), opening slightly in advance of the valve,/. 
The plunger of the triple-check valve feed pump, is operated 
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wiili a viU’ialAe sirohe l)y hh'uiis of n wed^o, r, held in su.s]) 0 ii- 
sion by tin* yn>Y,in<)7 lielAOi'nn 'ilie plunder head aitll the earn 
lev(‘i 'Jdie, eharV* fi-oi'ii the fnel ])uSnp is d(*livei‘ed idoiin the 
* pipe, /> to a ^ivity eotnnuiniealine with both injection \alves, 
as*-dso coinpi'tssed injection air from the t\vo-stay;e ])iim]), c, 
in* pip^^ Tins is shown more cleaily in lie Nt)8 . 
the two ])i])e.si /, /ire for circulat|(ine wati'i , and communicate 
with to]) abd bottom of tln^ cylinder jacket. ' 



Fig. 108 • Eud .uid .side .x'l tuauil vicw'- .sliownui; deuiil.s o/’ duj>le\ au -inji'cl ion 
.xtoDiJstT uf lIlacIisLone nil ('ii^nne. 


Somewhat similar workiuij^ coiiditioriK arc obtained in the 
Dela Vernon* n*sidual oil air-injection engine*, (*xcept that, accord- 
ing to this, the hranchetti -system, higher cylinder and injection- 
air com[V)*,ssioiis {?>{){) lbs. and 450 lbs) are used, instead of 
150 lbs and 450 lbs as in the Carter system; also a combined 
vaporising and ignition unjackeled dome, r, is located directly 
in line wit^li a single fuel atomiser, j, on the op])osite side of 
the compression sjiace. bet-wi'en the ca-m-ojierated air admission 
and exhaust valves, o ./■ (re/e tigs 100 and I 10), by vviiicb means 
the timing of vaporisation and ignition of file is^liarge can be 
positivdy controlled by the opening of the injection valve. 
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Injection ;iir is supplifMl to the atomisei' tliroiipj a pipe, as 
indicated tVoin a two-staw ])uinf>, e/, eki\iJ'iil'ronf an ('cccntric on 
th(‘ main sliaft (fie 110), ?ind lia.vine a*(‘a.pae (*' of piactically 
0 00 of ibc aiT admitted to tlie conilaihtion ‘eylindee The 
amount, of fuel force'd into the atomise'r dnrine- tfie couqjres.y.on 
str(d<^ is retaliated ]\y a \ariah](‘ stroke ])Ump, />, under eohtfol 
of tilt' fin’cVnor //, spi-ine^, r. and slidin;^* fnicxum block, t, 



lietweeii tin cam and puinp-operatiiig levers. Tlie inlet, (/, for 
tl.e injection air is opposite to that for the fuei supjily, as 
shown at /, in hy |0P. Tln‘ lari^est power at [iresent obtained 
from a siiiirh'-cylinder horizontal engine of this make is 200 
t)h.p, and in this the guaranteed consumption with residual 
oil is eipial to 0 (; lli. at full load, ami from 0 (i5 to ^-75 lb. for 
loads between 0 55 and 0 25, the rated power of the en^rine ; 
but on test with an intermediate p-ade, having a sp. of ^0-86, 
a cousumptimi a,riow as ()-408 lb. has been obtained, and 
with Cahiorifian crude (0-95 sp. gv.) 0-484 lb., from which it 
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would a])|t(!ar that for intermediate [)owe’|S, and where an ex-* 
ternall y-li(mted vaporiser for staVtinw pfescmts ^^o ditliculty, this ^ 
ty]>e of enc^iiK' should ha.\(' some advantage ^-v-er the high-com- 
pression ^ a])orisei-lesM type (T)i(\s('l) owin^ to (he possilulity* 
for a lo\ve,r-yo'ad(' seah' of workmanship to Ite used ityits 
eo)i^h'ueti()n ^ . • 

liefci-o eoiK-ludin^' the eonsidetation of aii'unjeytion lii^li-com- 
piv'ssi.m jitoT 'Stu' ’engines, the Ilroufi hi^h-eompression residual- 
oil enui'',it‘ ia\ Ik a])propi ialely 
de,'Ci ibt'd, all7ioui;li diirerini^ 
in <>:H;V;i'joi) from the Diesid 
pritiisplf 111 usin^ neither in- 
ject loi’ an nor fuel under 
piesMue the met, hod of iirnit- 
ino lie' ehaiye :>y the heat of 
eomlaistioii is 1 he same in the 
atomisei used on this rather 
uinipie system (/m/e fiy^a. Ill 
aid j 1 2 ) t le‘ fuel, Ineh may 
h ■ rude, seiiii-refiited or of the 
i '\ est, eia/les kiiown as residual 
<ir fuel oil, is fed to an inlernal 
eoe hined atomiser and \a}K)r- 
is'T eu]) e along a jiitie, as at /. 
from aeisteiiJ of the eonstaiit- 
level type arrang#! about 2 ft 
aho\e the eylimlei’ head t.o 
the eleaianee space aiound tin* Kn;. ni — Hions CniiipiTssiou Vajioujsei 
needle valve, e this togt'ther ^ 

with tlie eoiuhnied fuel- and air-admission val\e, u aia* opened 
simultaneously, or nearly so, during tin* admission sti'oke of 
the working piston hy cam le\ers, /.■//, and thus admit n charge 
of fuel in tin* form of spray to the vaporising cup. This 
cup isopen to the compression space of the working cylinder, 
thnmgh a s«‘rics of fine apertures inair the Ixittom , the 
viodm opera lid i of (,his process is such that at the termina- 
tion of ( he eon'[)ression stroke tVe heat (‘Voh'ed (approximately 
1000“-! 200” l^ihr.j* by compressing the cylinder cluirge to 480- 
500 Ihs., is prevented from vaporising the whole of the fuel 
* 12 
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r 


adinitU'cl to sliitsldin^ cUrct oi‘ <lie jx'rforatod eup, 

but iiiiiiiediai<.‘l3’ foil tlni ignition of iliai pail of ilte iuol 

sVaponsed dnriiii>/ coiiipIvHsioii . tlio rasultinu; oitiiibuslioii and 
iiicr(;ase of tnnperatun' raiiac tin* rcnuiindi'i of the cliaror to 

Ik* vaj)oriM‘d and ij^niUal, 
(*onij»lete eoinl)iist'nni of 
the fuel ehai^e adniittcal 
then res.dti 1 ;^ in an initial 
d pressure of 140 MiO Ihs. 
abo\<‘ tnai of liiixht'st 
coinpressie'n, With this 
a})parentlv Ncrv siii)])U' 
method of safel\’ a 

veiy In^h eonipi'ession 
w ith fuel- and air-sudion 
admission, the outstanding' 
featun* is the sin prisin^d}’ 
low eonsnmpi ion obtained . 
such, imleish as in oidin- 
art' piaetiee and with 
eom})!irati\ ely small eii- 
e’ines, a\m\*i^(\s but little 
alK)\e \ lb. of inli'rmediate 
01 semi-refmed oil ])cr 
bh]*. per hour, in fact 
a (•()nsnm])tion lowei than 
this (0 4S7 lb ) has lieen ob- 
taiiunl in a,n S-in. xJO-in. 
ene^Jiie, at F, 10 r]).m.. run- 
ning on a IT) b.h.]j. load. 
But whether this system 
is a])pli(*able for the devel- 
ojanent of larger powers 
has yet to bit [iroved . the surprising fact remains that com- 
bustion Q'ln lie eontrollcd in this truly remarkable manner 
under certain limitations. 

With a similar oiiject in \iew a modified form of high-eom- 
pression oil engine of the injection-atomiser class has been ex- 
peiiinented with, in which the m'cessity for supplying th(‘ fue) 



Flu. 112 S(’( lioiiiil (Icv.'ilioii ;uh 1 slmw 

ini' ^fiioial .n n| ili(» IJum.s ( 'oiu 

Va]>(inst'i jijdcfss lui heavy nils 



IN.IKCTION VArORISh.^S ANT)- ATOMISKTJS. * i-yg* 

• I 

cliaro-e unclor prosHure is also obviated. Aecordin^r to this • 
sysieiii suf)er-(‘()nipivssed air iff iiot*a(ftni?i('(] the atomiser 
Dotil altei ilie fuel lias been fed in with the.vesiilt, judnin^ l,y 
(lie dian-rains, that the injection proec'.ss into tlieV' lindor clmro-e* 
ot iiij»h!y compn-Hseil air is not so ^o-adnal as can*be olitaineA on 
tile |)H ssnre-admission sysban, wlien, witli a properly adjusted 
uijei'tb n 111 hnd cliarj^e, tln're is little or nn^iive in pri'ssure 
i'eyie- 1 iJie j/t.intr ol hi^ln'st <;oni])ii},ssion. 



CHAl’TEK Vll. 

ADMISSI9N AND EXHAUST VALVES USED IN PETROL, 
GAS, ' AND OIL ENGINES ; WATER COOLED EX- 
HAUST VALVES. 

For engines .'ictuated by ^as('<)UH pressure e^crita’.-itcd vviiliiii Iho 
working (‘vliiulev from the coiiibusluni of <'\plosi\(' iinxiurrs 
the ordinary distribiitino’ valvt's, wliielk have ]»roved so snccoss- 
ful iti the woikine^ of sleani ene^iiu'S, aie not so adapted, 

owiii^' to tlie pressure venerated within tin* eylindiT iKiug 
'treater than the pressuia* at tlie back of the valve 
' Admission and Exhaust Valves. -In tlie early alinospheric 
type of e;<''S engine and in some coinjiression engines of more 
recent construction Hat slide valves have, biam used witli a fair' 
amount of .success , tliesc, however, have not been of the ])attern 
ordinarily ns('d in fluid-picssiire engines such as can be lield 
' up to tl'c cylinder face by the jiressure of the actuating iluid, 
but in all ca,ses ha\<i been formed udth two pai'alle) sides, each 
of which nece.ssarily had to be ac<-urately macliined to enable 
tlje valve to slide b<*tw(‘en the cylinder face and the retaining 
cover. The principal reason for using this expensive form 
of valve in the earlii'i* engines was to obtain reliable ignition of 
the inixtun' within the working cylinder by a llame, the valve 
for this* purpose being jirovided with a Hame poeket, hy wliich 
means a small portion of intlamed mixturii was eapahle of lining 
brought into contact witli the coutcnt.s of the mi>,tun^ at the 
correct moment for igniting the 'diarge und(;r pressure , it will 
be understood that the slide-valve as well as the spring-retained 
back cover, as used in tliese engines, were genenilly provided 
with separate air and gas ports in addition to the necessary 
flame Hue and pocket. ^ 
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hi jiraciice, the usfi of slide valves 'lies been found to be , 
attended eonsidera nle inf,onvatfn<*fiC(f en*l inellieu'iiey on 

aeeonni ol l(iakai;<' <»f into IJie eiTo-inc-rooni. from fumes 
from the ])iloi ti.ime and io-uiiioii port, and IVofu loss of power, 
tbroii^di mis-iyiiihon ol' tlie eylindm eharoe. Tift; valves.jijore- 
ovei* iequi]-('d very careful adjustment, and vera- evpensivei to 
ke(‘p ill lepair. ri* faiuiie bein^ lound necessarv after a few 
hundred boml; working In the atiiios[)beric type oT ^nismigine, 
as made betwet a llie peiiod of IHtiO to ISTb, and in some non- 
com[)osssion miyMnes ol a later date, sl^le valve* weie also nsi'd, 
and pioN idefl a means for obtainiiii; a (|uiek cut*otl‘ to the 
mixture su])p!\ a.nd suction of ieoition llame 

Altlinu^h ])is<<ui \aJves and, in some casies, louiry valves 
of disc and c_\lindiical l‘oi m ha\ e been used in eiie-iiu's work- 
iee on tour- and iwo-strnke cycles, the poppet valve ri'inains 
to-da\ ])raeti(‘ally alene. this type oT val\e, with its hainnier- 
in^r oc tappi't b(‘at, it, cam and spring and half-sjieed shaft, 
being in univeisaJ use foi all types of pcti’ol, oil, and gas 
endues, boju large and small. d'he gradual increase in 

f ( (h'gn'c ol (•onij/ression during the last twenty yeiys 
^ io.mi 4(* lbs as used in engines of tin* slide-valve typ(', to 
upwaids of 75 lbs, as used t,o-day in engiiit's working with 
to\\ 11 gas. horn 120 to 150 lbs lor largei engines using pro- 
diicer and lurnace gas and u]>wards to 550 lbs. per S(j. in. 
for bigli-e''mpression nnection oil engines, has necessitated* 

.1 valve capable of maintaining under everyday conditions 
a uion' periect gas tight tit than could be obtained from 
either the old type of cUindrical, disc, or any other form of 
slide valve. 

The Hupersi'diiig of flame ignition by the introrluction of 
the incandi'sci^ot tube in the ordinaiy gas engine no doubt 
consideiably iidluene'*d the abandonment of the slide valve. 
Then, again, the slide valve was neviu’ found suitable as an 
exhaust valve, except in engines of v(‘ry small si/e, and as a 
conseipience ol this one ])op])et at least was found, necessary 
for each cylinder, and it onl}" remained to further utilise the 
half-speed shall by^mividing a .‘•ocond pmipet for the admission 
of the cliarm*, and to duplicate the cam, lever, and spring in 
order to dispense with the slide form of valve altogether, for 
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tho ionilioii a tliinl ainallci- lift, valvo was ])r<)vl(lefl to control 
Uie timing' ni‘ (‘lliri,^* coTita<t wit.h the incandescent 

'riie niodta’i/ tcnidrnty is always towards the aitainineiit of 
Jiii^her ji(iwei\and s]»ei‘d froni an engine with a cylinder of a 
crivvn size, sc', much has the powei- etlicic'ncy incrensc'd in 
hi^li spca'd motoi's of th(‘ aiiLomohile cla.ss, thai. a Jiioiur of 
to-day is (-apahle of d<.‘velo])in" consichu'ahly nion^' tlian twice' 
tine poAver Vhat could In' yhtaim'd from out AN'tli tlie same 
hoi'c' and stroke ten years a^^o. i’roperly timyd ienitioLi and 
tlu' siijiply of pw)])«‘rly ('{irbiirettcd (‘xplosivc* iVii\tui-e ))as had 
much idlect in making thi.s improvement possible Another and 
-ecpially imjiortHiit factor is e'Xplainable fiom tlu' inciease'd 
liin^ ])o\v(‘r aiforded l>y corrc'ctly t.imed and jierfectly eas-ti^^ht 
valves of la.rm- arc'a, thus ])ermittine- hii;h«*r speeds and working 
pressure, witli a. ])ro))Oitionatc' rc'ductio!! in loss of ]hav(‘ 1 fiom 
tile n('Rati\e piessun* of tlie exhaaist and suction sliokcss. 

In all enoiiH'S the powc'r etlicieiicy of a cylindc'r of a nivcsi 
size IS much n‘ducc‘d by wire-drawin;^ ‘‘i’ tlirottlin*;’ the c'X- 
p1osi\e mixture supply on thi' admission stroke's ol tlie 
eu;;'ine , this etfect is c^iaphically illustrated by the induction, 
comprc'ssion, and exhaust stroke diai^rams (li^ lid), which 
show ch'arl)' th(' inciv-ased ])oAver eflicieiicy that can bc' obtained 
bv rc'ducnii; ue^atue resistance on the suction lim* This 
imjiroved wairking etVect can only be obtaim'd by usm^' lar},(e 
inlet valves ^i\m^ a veiy free' ojienin^, and by havin;Lt <‘iii the 
brcfnch pipes for the air, j^uis, and mixture supplic'S arranged 
to o])pose a minimum resistance. Tlu'se particular diagrams 
illustrating this etiVyT wicre taken from an engine having a 
combined admission and exhaust balanced action rotary valve, 
Avith poT-tAAa\ s foi' the admission and exhaust of such size as 
to limit the imam velocity of the ingoing ami outgoing gases 
past tlu' portwa,vs in the valve or seat to a maximum of from IK) 
to 100 ft. per second, corresponding to a piston speed of Id to 
14 ft. per second. The pipes used to conduct air or mixture 
to the cylinder, and tin' exhaust to the atmosphere should be 
large ('iiough to limit the velocity of inllow or outllow to 
within 80 ft. jam second, and no unnecessary bends should 
fie used. It is also important to use a regulator of correct 
design so as to atlbrd a free gas-AA^ay when full open, provided 
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the eiioiii(. is ai'raii^i^etl to be controlled by varying the volume ,• 
of liiixtui^ supply, as now ftiost ^ adopted in all 

en^'iiK's of the hioh-spec^*! class, also iti ni.any*oas riioiues of * 
iar<i^<' size, which aic invanablv ])rovided witli free opening* 
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.s. )!♦*, . Ill I'l'.em sjier.l, ,S0t,' D [»*! imniitf* 

S' ou aihni'-'ioti, i uiiiiiins^ioii, aii'l ( \liau>i liias on ioni aiokf enoine 
iimmiio witli tliiH||l( (nil iijit n. 



iSliowinf^f .ulimsMoii, coniiiH'sMoii and i xluuist linos wilh ongmo Tunning; * 
sliohlly tliiottk'ii 

Kin. ILL 

variable cnt-olf vaK^'s in order to niinimise the resksiance of 
niixtin(' flow to the cylinder to a tine point. 

Referring to the two diagrams (fig. 1 bl), tli(! first shows a 
suction resistance of slightly over 1 lb per sip in. (jnd gives a 
compri'ssion pressure of tSO lbs., and on looking at the second 
diagram it will be .seen that dt corresponds very closely to 
a fairly good gas, oil, or petrol engine of the cam -operated 
poppet-valve type running at full load and .sj >eed. The suction line 
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, in iliis (‘,ase is 10 lbs. above <i])S()lnie ])ressu?'c, lc ii indioatuB 
0 / iK'^ative re.sislaneo oi some -h lbs. per' S(j. in., and' n'sults in 
obtaining 10 lbs. less (‘omprnssioii jrressure iliaii in the other 
,,case. also with' a eorr<‘spondin^l\ redueed \V(M^dit of ehar^e 
drawn into thv eyhiuhn'. 'Jdu're is thus a disei‘epane\' shown 
of nearly Ih per cent, in the power valiu' of tlu'st' two diagrams, 
it does not, tlicr<‘f(3re, follow' that an enyino is by this amount 
more eili(*ient from the point of view of fuel eon.Uimption, hut 
is only so in its ])ower output capaciU The p^'int is, howa'ver, 
that an engine \^ 4 i(h a lareru’ valve and Irt'cr opening as capable 
of a liieinn power duty, and tlris counts for o mia'h in aru’o 
and other his;h-spe(“d motors. 

d h(‘ })iston sja'cd in ladh tlu'se ca.ses w’as idcuitical, ir 
800 ft., or thereabouts, per minute, and it will be seen that 
an engine pio\ided with valves capable of givine a diaeuim 
with a minimum ])i'a,ctlcal I'esistance, as shown b\ tin* lirst of 
these diagrams, would Ih* well capable of being acc(‘]eraled to a 
piston speed of l(J00 It per minute or more, wilh less loss of 
efficiency than would lassult in an engine littrsl with vahes 
propoi'tional to a diagi'am with tin* 70 lbs. compi ('ssion, for 
inHtanc(‘ .Vt slowin' speeds, below oOO ft per minute, there 
would not be any appreciable diirerence in the, 1 unning of the 
two engines, and, on the other hand, tlie higher the speib above 
normal the nuae is the power' etlieii-ney oi the engine inllneneed 
Jjy the eorri'ct working and lai'ge opening of the vahes, which 
aie‘ veritably the Inngs of the engine. 

At this point it will be intei'esting to note the \al\e diameters 
reipiired to keej) down t he \ eloeity oi the inllow or ontllow to 
witnin U)0 ft, per se.eond, the valve and cylinder diaineteu's in 
all cases, presuming piston speeds ol 840 ft. per minute, tlins 
corresponding to f 4 ft. pm' second. The dia, meter of the admission 
valves m/iy be taken at. aboitt 5 per cent, less than the sizes 
given, and the oxhaust vaiviss at 5 per- cent, lai'gm’, in order to 
compensate for the ditference in volume of the contents of the 
cylinder at^ the end of the chai'ging stroke, as com]air'ed with 
the volume of gases to be exliausted alter jii'essure release, tlie 
admission ehai'ge is taken as about i:U lbs. absolute, and the 
exhaust llrs. llresi‘ proportions apply moi'c pai'ticularly 
to stationary engines limited to moderate speeds, but for auto- 
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• rcS5, 

« 

mobile and a(n*o motors with piston speeds exceedin^^ 1000 ft. ** 
per minuk*, the openini; caji attain t(f otie-iifth‘'the piston area 
with jidvantaire. ** * 


Taiue ok \’alve and (hiiNDEit. DiametkRs. 
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Mueli attention lias been centred on minimising the tilled 
^nsistanei' (‘aiised the suction and exhaust strokes of high- 
spei vl t'ngiiu'S, and provides! this can be reduced to a negli^dble 
(jii.intity,there will remain no reason except the mechanie.al balanc- 
ing of lh(' mo\nng paits to pn'vent piston sjkshIs of considerably 
over 1000 ft. per minule with maximum etliciency. With this * 
end in \iew engines liaee been constructed with a. variiby of 
dilFerent forms of valves, as will Ixi shown later, the admission 
<'f the charge in some cases e,an be controlled by double a^id 
tredile jioppet valves for each cylijider, and in others l^v annular 
and double-seatcid poppel- valves, etc., and the exhaust by double- 
ported valves, and in the two-cycle engine by wide poits directly 
controlled by th(‘ motor piston , there are, besides, rotarV, sleeve, 
liner, and other forms of valves, all having tin* purpose of a 
free gas- way combined with mechanical efficiency. 

Water-cooled Exhaust Valves. — ^ The exhausif valve is 
generally considered the most important part in a four-stroke 
engine of large si/e, it being ilecessarA to always water-cool 
the seat and the vaTve itself in engines with cylinders exceeding 
20-in. diam. It is also thought by many makers advi.sable to 
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balanoi' Uk' forc.e vecniiml to op<iii tli(' valvo ti^aiust tlie 
pressure ill ( he* ovtiU'-iei •’ nt t’ne end oi tlu' p()^^'LU stroke. 
Tlu' \V(M.r on ili<‘ ooeralni^ ineelianism is vep\ consiijerable unli'ss 
some means, (u'itier of rediiein^ tlie resistanee ojiposed to the 
val^e or of _<;ivin,L; it a preliinmary small de^i'ee of lift so as to 
)‘efeas(i the eylindor pressure, is ado])ted. For instanee, in- the 
ease of a C“<lind(u- of 4<!Lin. diam liavin^^ an evliausl. valve 



of 14 in.'<]iai‘.i.'tlh' pn\s8ure 
opposed to tin* val\e’s lift 
is over iliiaa' tons How- 
ever, HI many en^niu's of 
lai'gi' p<.)wer no h.dain'in^^ 
action is ])roMdi'(l. and the 
actual inii; nieehaiiisin is re- 
lic'd on entirely for open- 
ing tin* val\(‘ a;^'.iins( the 
full terminal pressuie. In 
the l)ini,dt*r ^nas engine 
(li<^ 114), with a cylinder 
of 25411. diam a simple 
water-eooh-d (asin^, !>, is 
UHisl from which the cir- 
culating wat('r is further 
ntiliseii to cool an un- 
balanced vahe, V, by caus- 
ing it to How up the hollow 


Fio 1 M Wcitci -cooled .'xliauM i. live, stem, 1), returning by an 

inner tube, T In the 


Dunlop (tig. 115) the valve, V, is shown cast in one jtiece with a 
balancing ])iston, which makes a gas-tiglit tit, in a, cylinder bored 
in the covi*r, U. This valve, is hollow, and contiolled by a stem 


passing '(!]) tlirough the water sjiace to the cam Icvei, M. Water 
from the cylinder jacket la forced into the nozzle ov(*i the valve, 
and thenc.e Hows down the Inside of the valve and balancing 


piston, le,»/ing the exhaust passage by the nozzle, Z. The valve 
thus serv(*s for the water overflow, and is k(‘pt at almost the 
same, temiierntiire as the water itself. Due (Irawback is that the 
water, in Howing round and over the valve piston head, prevents 
lubricat ion of the rings, and is liable to leak into the cylinder 
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under certain conditions , but tlic cliiet objection is tlu' liability 
to rustin^^ (fl* the valve ])iston, awd fylfnd*'?. 

In one rorin of (Irossley balancvsl (‘\^ianst \alve, sliown in 
lib, the valve, V. is c,ast in onci })iec('. with a balancing 
piston toniiing, as it wt're, an enlarge*] val\-‘ s^.tnn, N. Tins 
st(ai * })iston is of e(]iia.l 
arra willi tlir \al\a\V,and 
lits gas tiglif ,^i a.''cylind(‘r 
b(tr<‘d ouT ol tliOt\al\e cas- 
ing. Connnunieating with 
the under side of Ibis 
pislnii. N, is a pni { way, b, 
winch o])ens to the under 
side of a sniall ]>ilot vah 
P. Just before Ibe tini(‘ 
for o[)i ning \ he main xalvi*, 

\\ the j>ilet valv(‘ is opened 
by tin* cam level , M, which 
ac’ on placf's both emls of 
large valve in wjui- 
lionum ; the vai\ e can then 
b(‘ easily raised oil’ its seat 
b}^ 1 lie earn stmu lever, Iv, 
and sti m, In order to 
circulate water through the 
intencir oi the valve and 
balancing piston the end of 
the stem, T, tits in a water 
case, wdiicli is t'onnected 
to the inlet for water at 
W and outlet at the bottom, the si]p])ly passing up the stem 
and returning by the inner tubt' in the usual way. The 
valve, wlii(‘h is held downi on to its siuit by the tension spring, 
(1, is ahvays kept full ol w'ater, and is thus prevented from 
overheating. ,, 

Fig. 117 shows a section of a tyjie of balanced exhaust 
valve of ordinary construction, adopted in certain large-power 
engines of British manufacture. This is, perhaps, tlu' simplest 
form ol ballJnced valve, and has the merit of reipiiring no 



Eui 1 Ift \vat(‘r-ro(>U‘il balaiiRi't]* 

oxlidU'4 valve. « 
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cover, the ])a1{iiieiiio ]»istoii, takiiis;^ its place. The valve, T, 
is east as luToi-e m 'onv, pie'ev, with .a ]tiston head, l\ held 

down hy a, pression sjirin^’ 
under simple adjustment 
from the (‘rosshead ])laced 
over it. d'lie valve is 
■screwed on to a steel stem, 
1 ), whicli IVts water -ti^dit 
in till' g^laiid (-.‘ise, (1, sup- 
plii'd with w;itei at W, 
whence it flows up the 
st<un, 1), and around the 
inner tube, Iv, hy wdiich it 
ndurns to the outlet union 
nut at the iindm' sid(‘ of 
lJi(' case, (1. All that is 
ne(‘essary in order to re- 
mo\e this form of vah(‘ 
is to slack hack the cam 
eollar on it<s stem and taive 
otl the sjirine head, when, 
th(' valve is fres' to lie 
taken out without hreak- 
in<( any Joint Another 
point in its favour is th(! 
fns' accessihiliU' of tin' 
jiiston-balancina hiaid for 
lubrication ami detection 
of leakage. 

The largest exhaust 
valve illustrated is the 
0 1 1 o - D e u t z bal an ced - 
action double -si'ated pop- 
pet, shown by the section 
at tig. 118. This valve, 
as is usual in ( 'ontinental 



Kiii IK) (^ohsiry Wiil'T-oiolcrl (‘\h;iusL v.ihe 
will) ]>in1oii aii'l ])il(>t v.il'vo. 


practice', is arranged on the under side of a ,iu)rizontal cylinder, 
(;. The valve seat, li, forms a separate casting^ and is inde- 
pendrTtily water-coohnl to the casing, A, which is in turn 
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bolt(Ml to th(' cylioder jacket, and carri»'s i.lie cxlianst pipe of 

14-ii]. (ii.’iiw at X. The casting fonnij^ ttJie „\<‘>lve seat and 

^uide is held up to th(‘ ^ • • 

cylinder — a j^as-tiujlit lit hy 

spriii^^ wasliers and holts to 

allo\\» for any dith‘i'(‘iu*e of ! 

expansion The \alv(* itself * <lr 

is east liolU'-,, atid is pro- 

vid(id wi4J) a l)ajancine siait r 

at S, hy wiiieli tfie valve. A\ ^ ~ ^ 

is placed ill a stah' of ^ 

lihrium by 1li(' passage. W f; k/if^ ^1% f" 6 

|twil| hestyi t^hjii^alp^^ ^ 

^ases! ili(‘ under seat heino ^ | " ^ 

siuip\v used Ko <»-i\ a* a l)alane- < -j ; T "■•4/ 

iu^ ellect TIk' valv(' is ! v'^ 

_ ])' i ‘d undf*r the cylitidi'r, so j p; 

ti a' aceuniulai-ion of dust i 

* (roni th(' ea,s(‘s niay he })re- * ^ [ if^ ' q 

\ ee* ('ll, and hy the consli-uc- 

ticn, which is self-exphina- ^ 

tory, the ('xluiust eases are ]|||t M 1 i ■ ■' — , 

})e-;.ntt(‘d an exceedinp^lv _ L • 

free escape', and ai'e sur- ^ 

rounded on all sides hy ^ P 

water-(!ooled waUs. Tliestcni H 1 ^ 

is screwed int-o the poppet 

head in tlu' usual way, and 

fits in a water case at Tw 

hottoni provided n ith a 

^dand leakams trav Y for I'ua ivp<- ni iMkaccd action 

~ ■ ’ > *'- * walci -cooled cxliau' t poppet ]nHt.oii. 

running oil escajie of water. 

Ooolinc watei to the valve is carried up the steni, and I’t'turns 
hj an inner tube, where it enUrs at the hii^'hest point under 
the valve crown, th*e space around the tube being in connection 
with the wtfeer service pipes, W. In order to previ'iit leakage 


I' Ui. 117. - Open type of 1 m la, need action 
walci -cooled c\liai('t poppet ]nHton. 
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of exiiaiist caused by auy slack around the valve stem 

and tin; centj-al o-uAlc ln“uin^, this is provided with packing 
rings and a suppitaiicmarv asbestos ])acking box lield u]> by the 
Naive s})rino. Tln' eani l(‘V(a\ K, lifts the valve by a crosshead 

provided witli a, pin at each 
p ^ ^ ' 'A side, into which are t'tied 

rf-'' ''i'l ^ ^ !/) '^ friction rollers for engagr'- 

M n ^ ^ ^ 7) 9 iiient with Mie l(‘V(‘r foi'k 

’ W i d'he/*roHshead tils on 

vV/JAy\ f # , N'alve stem against a 

\ y 1 shoulder and ]H‘rmits the 

y ready I'enioval of the valve 

up through the comltustion 
iSftiWlT W cbainb(‘r and out by the 

iU opening at the top pro- 

, Ip ®J|| fl I I \ ided foi' the iiiltd- \alve. 

^ manner only one 

I I' 11 pressure joint, is broken to 

reinoN'e lioth tlu' admission 
^ 3 <‘xiuiiist valvf's, ami 

readjustment of tlie (‘on- 
i ^ [O I nections between the ex- 

V X haust valve and o^x'rating 

11 1 S ’ mechanism is avoided. 

noted that 

I Y th(^ exhaust valves shown 

in eacli of the preceding 
^ iSl— examples liave detachable 
,, , ,, , , , seats, and that the valves 

riG 118 iitz w.ifi -cniiK'd aiul 

l)a]nncoi . v.ilvc lu each casc are, also 

located under the comhus- 
tion chamber, it being the usual practice in the larger engines 
to construct the \aive casing as shown in tigs. 12() to 130, which 
represent some of the most carefully thought-out examples of this 
kind. Jn t,he hdtei toxainple the valve is, of course, water-cooled, 


but the water enters the crown of the valve in a manner ditfering 
from usual practic<\ Ihderring to the illustration (fig. 130), it 
vnll be secTi that water (Uiters at W in the conical guide chamber, 
K, whence it Hows through openings in the stem, and thence 
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into the inner tnhe, T, eseapin^ juHt under the crown of the valve 
at V : tlu' watc]- now i-eturn.^ ]»etv^‘en th(‘*Oili(‘, Tpind stem, M, to 
tlie jaekei , A. of tiie \ a!ve-st-at eliamher, ( 'twlu'nceh't circulates b}' 
tlie tube, k, to tin* jacket, space, (\ and outleA, tli(‘ jacket in tin 
outer easing' eontainino the exhaust outhd, K, ])eiji^ supplied by a 
so])ar»tc ])i])e, not shown. 1die val\(i seat is separately jointe'djLe 
the under sk.c ot the cond)ustion chamber, tlfe spa^^ -below the 
valve eom]nu«i,atiw^- by four i-iidiaJ passages, I >, with^the expan- 
sion eltandjer, X,^'viienc(' tlu' ('xhaust escapes at E throu^li a pipe, 
which in soim* ea^*s is also jacketed. To rtunov^i the valve all 
that, is h('C('ssn.ry is tn slack back tlie set.-screws, .S.'when tlie 
N'aha' With its stem, !\I, can be drawn up thj-ough the opening in 
th(' top of the combustion chamber without disturbing the spring 
ithin the plungin', (t, tiie latter being removed if lus'essary from 
the soclo't tit.ting (oin the bottom of tli(‘ valvestem by unscrewing 
the ri'ia.ining nut, [' Tin' circulating tulie, 'T, nut reijuiring to be 
open at the bottom, is secured direct, to the outer stem, from 
whiel the \ al\e ilselt can bo I'cmoved liy slacking back the set- 
sei ws shown in this manmu’ either tlie valve oi its stem can 
be oarately renewed Other water-cooled exlianst N’alves an^ 
eo nbnied adinission-exliaust valves arc shown in lias. 1 2d, 124, 
*120, 12o.\, 12!), IdO 
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ADMISSION VALVES; COMBINED ADMISSION AND EX- 
HAUST VALVES; VALVE ARRANGEMENTS AND 
ACTUATING GEARS, FOR GAS AND OIL ENGINES. 

Admission Valves. — In larp'-pow^r euoiiH's ])io(Jnoer and 
siinilfU' tin* adinixturi* of ^as niid air is eonvniK'iitly 

effectfa] hy sjaadal forms of admission \a.lve, whi(*li a,U' fo]‘ iliis 
pui’posc ])i-o\i<](Ml wiili .an annular pa.ssa^o or with a ported 
piston on its .stem. In some castes tb(' ])isl,on va)\e and poppet 
are actuated by iiidojamdent mechanism tin* ])ort<^d ])isix)n, for 
inst.ance, in some cases htun^^’ a tii}) cut off action by 

^vllich the •‘supply of oji,,s is controlled independently of tin* air* 
by the i;'o\ernor Tn the (^<jckerd admission \alv(^ there iire 
two seats, of ^\hich one is expo.stal to tin* cylinder pressure . ^as 
is supplied at (see li;^' Tib) ami air at A, vsdiich enters the 
cyliiid(*r in an annular stream .surroundinj^ ci'iitraJ column of 
^as. The admi.s.sion valve is nrranymd contrary to usual practice 
at the])ottom the cylinder aloij^^side tiio exhaust \alve, and is 
given a cut-otl' motion by an eccentric trip-gear , the supply of 
gas is u.siially imh'pcndently controlled by a throtthi valve. 

In the Ih-emier engimi the supply of gas is controlled by 
!i yjorted piston ; by this means the admission of gas is entirely 
independent of the air supydy Tn one ])ositi()n tin* air j)orts 
are o})en to the air passage, this permits of the valve being 
opene<l fpr a, full supply of air for tlu.shing purposes, or in 
case of a cut-out charge by the governor. It is important in 
(uigiiK's using producer gas, and even mon* so with furnace 
gas, for the valve to be capable of .supplying a full air-charge 
without tlirottling action whi'U the sujiply of gas s either coin- 
192 
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pletely or only pa-rtially ciii off ovviii^ to tlie lar^^e pro[)ortioii ^ 
of iis( 3 (j 1,0 forii) ail (‘Ap'osiv (4 mixtaiiv' • 

111 tho admission \a,l\s* for larot'-powi^r two*-stroke rii^iiics # 
whicli is arranged on Uu* (;ylinder ioj), tin f*‘ only 0110 seat^ 
(AposisI to cylindor jircssiirn hotli ii^as am] ar; are, however, 
sujijdied by separate eharj^ini; pnin])s, air entering’ in an anin^lar 
eolinnn wit!', the ^as eiiai-f^^e down the centre . ^ valve is 

iismilly oji('**a!^''d tiy a le\'er spnnn- and ecceiitrir on«i side shaft, 
by an lua-an^enient of \alves on tfle charg'in^ ])nni[)S, immedi- 
ately aflei tile •‘eleas«‘ of tin' exhanst pressu^'C' by the motor 
piston, Mil air eiiai^e is hi>t diivm in which deal's tlie cylinder 
of burnt leases and ('si'apos by tin' /one of ('xhaust jinrts around 
the cylinder, as:,sllo^\n in tin' dia^n-ammaiac section 142. 

Tn this period the motor juston ad\'anc.es and closes the ports, 
when the <j;as and an charge is forced in without incurring 
any loss by escaping with the exhaust. 

As befoiH' described, the nn'thod adoptcil for tin* admis.sion 
of the charge of gas and air in the double jiiston two-stroke 
tyi t' of engim> ( /'/(/e ( 'hapter IX.) is by ports controlled by one 
of I he motor [listons, no vah e uhab'vei Ix'ing re<|uii'ed on the 
p( A r cylinder The chaigi' is supplied by separate air and 
• gas pumjis arranged to clear out- tin' cylinder by an air charge 
in advanci' of tin' inixtine supjily of gas and air. In order 
to previ'iit loss oi [toAvei from a throttled govi'rning supply of 
gas, or gas and air, to the ehaigiiig pumps in large (uigiims ^ 
of the two-strok(' elass, the pumps are always allowed to wiwk 
on full sn])}'Iy, t-he delivery to tin' pow'er cylinder depending 
on a govei'iior (X)Titrolled hye-pa.ss Ix'twei'ii the delivery and 
suction pipes. • 

Combired Admission and Exhaust Valves.— Th? construc- 
tion of a succA'saful combmetl admission and exhaust valve for 
large-])uw('r engnu's has engaged tlie attc'ntion of many engineers, 
the aim in all east-s being simplicity and effieieiicy in tlie design 
and working of the eiigiin'. One of 'the earliest of these Com- 
hination vaJ\'(*s is ilu' Fielding, illustrat'd in tig. IID. In this 

r> " ( , 

the pressure poppet, V. is proviiled with a. hollow piston or 
poppet, F, show'll in position for admitting the charge of gas 
and air from the •inlet jia.s.sage, wliiin passes U]) through 
the valve ai#l into the conihustion chamher under the valve, V, 

13 
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The hollow poppet is elostnl to thr cxliaust outlet, \, beiii^^ 
lu'ld uj) to a s(;at ii^ tl>e (‘xha-ust I'hauilMT 1)\' t he , (1. 

Diiriii;; the exhaust stroke of the ]' )wer [uslon tTo pressure 
valve \' IS rais'sh t<» au iiit (U-UK'diate position, wlaui the neek 
ol‘ th(‘ hollow ],'U]ip(‘t 1h‘1o\\ is elo-,(Mi hy iho \aK'e, \' . the hollow 

]iop[)e! Ill this posit iou is 
thus (l('pressed oti the seat 
helow till'' iK'el , so opiui- 
^ iiii; eoiiuuuiiii-at IOU i’l’orn the 
p(twt‘i eyln dej to the ex- 
haust, outlet 'This i'onii ul’ 
val\e retpiiies a, twesstae'e 
lilt as show 11 111 dotted iiiK'S, 
and should he a Iri'e shdiiie, 
yet yas-tiyht lit hel w eeii 
the intake and e\]ia,ust 
' ' ehanihers. it howe\ ei has 
^oiiM' lault'-, one a eon ■ 
strieti'd admission aiea past 
the neek of tin' distrihiitor, 
Ik another tin* hieh lift of 
the piessure valvi-, \, eaiis- 
me- eonsid(‘rahle ])ou)uliiin of 
the Hvnif and noise hut. tin’ 
woist is tin' frepueney of 
haek tires due to h'akane 
K past the shouldm', thus allow- 

lUi^ hoi eases to mix with 

tin' ineoiiio ehare'ie 

Kn- 1 19 iduie i‘oiiilinMt!oii v.iivt' A properly desie jn'd eom- 

hi nation a.dmissioiw exhaust 
val V(' Ih'ps two ad vantae'(‘s, one tin' ])ossihllity of a emater nas-way 
area with i-edu(‘ed resistaaiei' to the ine, nne and outmune’ ease's, 
anotlu'r the lower temperature of tin' valve dm* to tin' inymiiio' 
charge, consepuentl}^ there is le.ss wu-ar tha,n ohtainine in an 
ordinary exluiust va.lve, there is. motx'ovei , wdth a eomhinatioii 
valve, the same advaiit-aee in reduced jioeko't a,rea, as in a design 
win re the inlet valve is placed o\'('r tlnr ('.xhaaist. In tlie 
exam})l(‘, tig. 120 (adapted iiioie particulaily IV', a vertical 
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oii^niie), two sit-ins art- sepaiait'ly ojieratcd by cam levers , 
or piisli-ro^js, ?>', e' In iliis demyni jlit* jiA'ssuj’e \alv(', only 
recjiiires a mnmal lift. It'.aka^e of exhaust rioni .r, past ilu- 
hollow ])islon, f. when pushed up into the* rett-ss, ?•, is mini-, 
mised, and can lx- tmtirely prt'N't-nted hy arraiij^iipjj; for the ouler 



other forms of r jmhination Fi.,. ii>o. Mndiiietnuinuj comlHiu-ti admi.s- 
and annuliu- seated valves, sioi.-oxhau^t valv.wuli vpufluolyoi.nale.l 
. , ilistnbuloi slee\c— lUillci 

such as shown in h^s. 154 

to 158, for instance, it has a maximum advantage over the usual 
separate valves for admission and t'xhaust, a valve of this 
typ<‘ is peculiarly adapttal for four-strokt' high-compression oil 
engines, tor, as only tot) well known, the })lacing of tht nect'ssary 
admission, (‘xhanst, in jectit)!!, and starting valves in the rt'stricted 
area of the cylinder eovoi' of such tmgim's pi-t-senis the gi’eatest 
ditliculty in their design. 

The use ^f a piston or sleeve under the pressure waive not 
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' only si]njjhii('s the Ri'iir, rednees tlu. elearaiiee, 

wliicl) is iin|u)it ant * in ' a , rnonu* thus avoidin^'^ waste ot 
Tuixturi' on one siroke mid eontaniinaiion on (Jie otlier. Jlow- 
, evei\ a tri[)lf‘ jiop'jxT conihinatioii adinission-ioxluiaist sin^ic- 
pressnvi' \'al\(-‘' i^ea.i , as shown in 121, lias laa'ii used 011 a 
coii.pa,ratively lar^e en<j;’ine, known as ilie De Bont.\il'e, a 
](H)-li p. srriJe-e\ linder _i;as eni;iiu' so iittial having" hern shown 
at the Paris Kxhil»ition ol_ 1HS<) In this di ■ ui ordinai-y 
pressure pojipi't, \’, opens into a pocket, P. at the silts ol the 

eyiinder, khi' admission and 
.‘xhaust to tin* umler sid(‘ 
hein^' cont lolled by two 
(•ain-op(U‘ated ]Mi]>])ets, N 
(tiie henii^ open din in;; the 
exhaust stroke, and the 
other din me the iidniission 
stroke d'he three valves 
ai-e airanei'd in line, and 
are e(|ual] 3 'aeeessibl»' 1 hii'- 
ine the admission stroke 
the valve, 'P, is closed and 
t,lie valv(\ N, opened, and ' 
during the exhaust stiokc 
their action is reversed. 
It will be seen that this 
couibmation is neat, and 
lias only one valve exposed 



to cylinder pi'es.sure .and as this valva* acts as an admission 
va*lve,h; is cooled to a eonsidi'rabh' exlmit, and has been used 
Tor a (tyliiidm of l^<-in. to 20 in diam without bavin;;- to be 
water-coohal. Idu' drawback to this ari‘an;;eaiient is tlu; larrrc 
space under the valve. \ <a.>nse(|nently the coutiaits are wasted 
at eacli vxhanst stroke unless tlu." ;;as vailve is closed in advance 
of the air valve (las admission is also delayed to .avoid 
back -til in;/ 

in the combination valva" .shown in ti;;’. 122 ( Pii'ldino’s) a 
pair ol valves are .‘ura.n;;('d »>m* ovia tho other, the ii^iper valve 
S(‘’'vin;; as an admission valva* ;uid also to balance the exhaust 
valve. 'Plus rombinal ion is va'ry iii;;enious, simplV, and acces- 
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sibl(', but, bas two s(‘ats caposcj lo < b/ {‘fliiHb'r pi (‘ssiira. In 
action tiui caiii I('vci, M, •lifts ])()tlt \altcs durilio (Ik- (‘\ba.ust 
stroke, wiuMi, diirinn tlu* a.dinission stroke, ttie viilve, T, will be 
closed by its sprino, and the vaK(‘, N, held up b_y.the cam leviT,* 
K, l»r the passa^v of o-as inivlure from A to tin* condjusyon 
clianiber, !’»,• r,a the holh.u 
piston (‘xteiisb 11 g)f the va!\(\ ,K 

X whi'di is j)io\oded with 
paekiny nnys. m th(‘ case 
ol th(‘ balaiK'ed ('xliaust vaKi's 
shown in lies IP) and il7 
This \‘d\’e in coininon wnth 
orht'rsof the conibinal.ion t \ p(\ 
has the ad\anta 4 c of bidni; 
cooler! by the inrush of tin' 
yuis inixtui'e 

The balancr'd \ al\ e lii; I '2'^ 
lias Ih'i'Ii desiyiK'd for lai-yn.'r X 
(UU" es and IS wab - cooled -» 

In this r'xainph' the exhaust 
T is east loecthei with 
a ba! niciUi^^ piston head in tlu' 
usual way, but iusiead of this 
})istou tittine- m n eylindei 
forund in tiii' val\e case, as 
ill tie-. 117, tin; head of tin* 
exhaust \alve tits ^as-ti^dit in 
tlu' cylindrical admission valvr'. 

N, the space between tln^ lu'ad 

of the valve, N, and the bottom lo«: umbuMd adniosx.n ami ex- 

of the ])iston, P, beiim utilisr'd liiiusl vuIm- wuh latamun; action 
f. FlPlrllUi.- 

lor eiietosino- a lone- s}»nnc 

which serv(‘s to keep hoih tlu' a,dmission and the exhaust valves 
oil their ar'ats. A detachable covin- is used to c^uif^e the ad- 
mission pojipet, N, and to si'rve as its seat. Poth valves are 
watm- -cooled and balanced a^ainst^ cylinder pressure or suction 
by the telescoiuc ad ion shown, and are indi'peiidently opened 
by the two mam lewers, K and M. Poolin;^- water enters by 
gravity from the small service pipe, W, and maintains both the 
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Htcni .‘111(1 pisiojl ln(vUl,. (»i‘ l!l(‘., (aIi.IUsI .‘llw.'INS lull oi 

w.‘il('r, tlu' ()V(‘ill()\v e’-'v.ajuiiij; Ity I he ci'iilrai i.ui»(‘ to t-lir outh't 
iiozzh; at \V, a,u(l ’ ;is will 1 k‘ stMui, liotli tlu' inl('t and outlet 
streams of eocihuj^ water arc (*x](u,se(l to obscrv'ation tlius pro- 
viding ayainst accidental sto])pinR ol' tlii' siqijiiy, any shoviao'c 

of water fortnvarnin !4 tln‘ 
.attendant hy.the \isible 
esca[)C of sttaanu a con- 
siderahle .ntinu' liefor*' at- 
taining the daiiij^tM' point 
of o\ erheat Illy. Then' is 
onl\’ one spriny la'ijUiicd, 
.ind the two valves caai lie 
n'tiiov* (1, eitlu'i' sinyly or 
(oyethei 'Pile \\ a t ci'-eooled 
comhim'd admission - ('\- 
hausl pojipet vaKe shown 
in liy. 12d IS more suital.)I<^ 
for larye-powei eiiyines, 
and in common with the 
eom hi nation admission- ex- 
haust pop}H‘t shown in liy 
12*2 IS ('iitirely halam;ed 
.lyainst cylinder pressure. 

in ordi'r to provide a 
very laiye area of ^'alve 
openiny, a])proacliiny to 
well over one-seventli tlie 
ansi of the ])ower piston, 
the double-, seat('d balanced 
c.ombined admission and 
exhaust jioppet valve, tiy. 124, has also been desiyned by the 
writer tn this valve tliere an two .seats, comm nnicatiny with 
portways, forminy jiart of the comhnstion ehainher . lioth the 
top and nndi'i sich's of tin' doiihle seat»'d ])Oppet are open to 
the eylindi'i- hy the portways, U. The pre.ssure valve, V, is 
held open dnriny both the admission and ex'iiaust strokes by the 
push-rod, K, this particular arraiiyemeut^ heiiiy d 'siyned for a 
vertical euyiiio The inlet and outlet of mixiui-e and exhaust 
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ai‘(', coiil fulled l»y I.Ik' |)isd>ii \jd\(‘ i^- :u'tiJiite(l by an* 

acct'iiliic ;iiid fud l> u». llic hall s[ii((‘d canf shalt. In tlie* 

posiiiun l)uil) \al\^‘s ;ire upon tor jidmission of 

nii\tun' tiuiii (lie inlet at A and tliroui^li tin' poi't oponinj^js in 
t liejiiii'f lui t he piston, J , to tho Mpaoo. K ooinniiniioat iny to jiutli 



Iti;. t‘24 lei !i u.ilt'i (■(•died (loiihlr-sculi'd li;ilancul-iicl loii (‘(iiiihinefl 

adiiiissniii and f‘'liai!sL v.ih e loi a ‘j-l-ni veitiCLil gaspiigiin' •rtiitlci 

Heats of ilio pressure valve, V, and thence hy the two passages, 
Tt, to tlu‘ conihustion clnunber, 1 luring tlie exliaust and 
adndssion stroke's the double-seated ])opp(it, V, is retained in 
the op(‘n position as shown, and tlie necessary distribution from 
exliaust to admission is effected by the piston valve* T, which is 
moved to a position shown byy the dotted line, M, when the 
cylinder is plac(s4 ojicn to the outlet ai X. [loth poppet and 
yiiston are,^ wati'r-cooled by a gravity fe* d as in fig. 123, the 
wat(‘r entering by a visible stream feed and ('scaping into the 
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drain [)i])('S, \V Th(‘(j)pyssnn‘ xnlxc, \\ is cjisi in oih‘ piiu-i' willi 
, a hollow sli'iii ahisicli lOj/h which ari* h,)(h [irovidiMl v\ iih packing 
rings, and is iw-njily. ncccssihlc and ca.silx rciuoxcd i‘oi‘ examina- 
tion ai any iinie without having to interfere with the actuating 
meehanisni in any way, the ndaining sja-ing being held dfiwn 
under conipye.ssion by tlic co\ m- ()\er tin; valve, tin’s construc- 
tion also siniyilifies the geiieraJ a])pearaiice of IIh^ la.igine Tlu; 
same nietliod of cooliRg is adopteil as in the [ueceding design, 
by which the' \'al\t' is always kept full of watei;/there being no 
glands us(Hl.or [lossibility nir h'akage. and in this way the risk 
of running the eiigiiK' for such a, tiim* as may cause o\ (S’lieating 
b}'' failing to turn on th(‘ watm- supply, or through accidmital 
stoppage in the circulation, is mitii('l\ a\oi<h'd tin* vahe being 
at all times full t<o oxavrilowing, ami so arranged as to give timely 
warning of an insufficient HU])[ily. 

Tlu' princijial advantage obtaining from th(‘ use of a combina- 
tion valve is, undoubb'dly, that only otu‘, (he po))[Hd, is esposis] 
to cylinder jiressure, ; also that the \aJ\e has only one beat for 
the double stroke, and as the c.ontact area is cook'd by the ingoing 
gases, this gives a further advantage fn order to obtain the 
full benetit from a combination valve a separate ga,s-controlling 
valve should be List'd so that tlu' suppl}’ may bt' cut otf bt'fort' 
the completion of the induction strokt', and by this means burn 
ing of explosive mixture in the spact' intt'i vt'iiing beiwi't n tht' 
prcjjsure valve and the distiibuting valvt' is avoidt'd In the 
design shown in lig 121, for instance, tin' spact' below \' and 
over N ami T should bt' t'mptit'd of t^xplosivt' mixture bt'fore 
the, valves, V and T, are t»pened for tht' exhaust, as any ex- 
plosive mixturt: containt'd in this sjiace will be wasted during 
the exhaust stroke. This clearanct' in tht' doubh'-portt'd valve 
(lig. 124) is retluced by tliti ust' ttf the jiiston distributor, T. 
It is advisable however, in this case tt> cut off the gas before 
the termination of the charging strtikt' of the motor piston, 
P, to eliminate any [lossibility of batdvdii'ing, and for reasons 
of economy'. 

The combination vaivt's as illustrated in tigs. 122 and 123 
have the advantagt; of being balancetl aga.’,nst the terminal 
pressure in the cylintltu', but have two st'ats, and. from this 
point of view are identical in working with two .sejiarate valves 
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arrang'd odc ovrj- ilni oIIiim- Tlir (‘oiMhliiatioi! \al\t“ sljijwi 
in fii^. 122 , owiii^ to lu'i u; (‘nvt'nal )^\ tin* iMilt'l l)alaiu*ni< 
piston, N, iiS prote<'l(Ml to a. i^roai extoiil fioiii tju* li('ai of th( 
explosions, and is found to witrk wadi with {‘\ lindcr diameter; 
of l.'^-in. downwarils , the stian of the exhaust valve, d\ nia} 
also be mad^; hollow so as to jKoanit of tlu^ admission pisfoi 
valve, N, txdpu; ae^uated l)y a rod jiassinyup thn^oyT^tlie botton 
\al\'e witl. an arrangement of puslf r(tds fis shown in tifr. 120 
In the e(>iid)iTiat 4 on valve 122 ) the wat<‘r cooled ixxhaust 

)jo])l)i‘t,.'r, IS lifted with a balaneint,^ piston head as sliowm ii 
I IV, but ill this ease tie* eybiidrie.il i^uide, N, is ut-ilised foi 
mixtiiri' admission, and the combination vaKe bein^ water 
eoolerl, is suitable foi I'Uyilies of lai^’i' size 

ddie advanla,i,n‘ e^amed in usine twovalws is more obviouf 
in the ease of laree <-yhiidei- iliamelers than m simdl motors 
owdii^^ tt) th(> intio of vaKe lift not kec'pine- pace witdi tin 
iiiereasi' in diameti r The sizes yaxeii in the table of valve ane 
cyli'idei diameters (p 1.S2) bouawei ate taken from tin' usua 
alhiN^ inn‘ of a lift of one-(|uart<‘r tin* valve diameter at tlif 
bol (' n of tin* s(‘; !■, this ratio of lift to diameter ^ivin^ appro:^i- 
inalely an e(|ual opening to tin* \a.lve aiea after allowint; for tbt 
space taken u]i by the vahe. st(*m Keferiin^ back to the tabic 
of sizes, a. \'alve 1 l-in <]iam is allowi*d for a cylinder of 4-in 
diam . tlie lift in this ease wdll be ,yin , to e-ive tin* full opening 
to the val\ e. Sow, advauciu^^ to an <S-in. diam. cylinder lia.vip^ 
a 8-in. diam. valve the lift should be J-in. to obtain the maximuii 
useful opening, in practice a lift jiroliably not. exceediiif^ J-in 
would be aJlow’ed. Aj^^aiii, in taking, for example, a still ]arg*ii 
cjdinder of, say, 24-in. diam. having a valve 8-in. diai*i., the lift 
should lie 2-in. to obtain the full opening capacity of the valve 
It is doubtful, liovvi'ver, if an engine of this size, especially ii 
constructed to run at a high speed, would have a valve lift 
greater than l]-in. to Ikin. , accordingly it wu’ll be seim that 
there really is a good reason for using two valves to take tin 
place of one in engines of large size. For instance, in an engine 
of the siz(* last given, viz., w ith a^ cylinder diameter of 24-iii. 
a single valve of <S#n. diam. w ith a lift of II, -in. would give an 
opening of a^out 87.\-in. area, wliereas the full capacity of the 
valv'e itself is more nearly 4Vj~in. area. Now^ assuming that 
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riMin otK' (loiitilc-firr^rd \.‘il\t‘ nr (wo oi’<liii;»ry Nintr!f-S(‘!ited 
valves air ns(4.i, wliir^ a'lloid in riiiJicr ras(‘ appi’oxiiiiaiel}^ an 
eijual area ityvill louiid llial o;]-in diaiu. and I lift 
with a double val\e wjl! alibrd a r;ts-way ojtenin^^ of du-in an 
aijaiiiRt in as m the (‘ase of a mno'lo \a!\e of S-iu diaip , the 
ai'ean of two b’ in. diaui valves Ixuii^ etpial (o.oiui valve of 
Sdu. dia-iii.. 

Some makei's lake aih'antari' of tliiH })ractu'e and us(‘ two 
exhaust N alves in plaee of one A further ad;’anta^(' rained by 
the diifilieated val\e is that one of tliein may Inne suthcient lead 
in a.dvanee of the other to release the pressure in the cylinder 
bed'oK' t,h(‘ openinr of tin* seeon<l va,lve, by whicli means tlie 
i'(‘sisLanei‘ opposed t.o the opening of the valves is reduced by 
nearly a half and to soim* (ixtent minimises t,h(‘ m'ct'ssity for 
Lisiiir’ a balancinr piston head to tJie (‘xhaust valve d'be cost 
of a doubh' \al\(' as illustiated in li^. I ’24 is loss than t\vo 
se})arate val\es <)f epual dianietei . (Sich ])rovide<l with an inde- 
pendmit cam and levm’. 'riir donble-se.iled \'alve is, moreover, 
eiitiri'ly balanced, and it arran^nsl with some form of admission- 
exhaUHl distribiilinr' \a.l\(s whiidi may either take the form of 
a (smcentric pist<tn or be combined with a separate po]i[)et- on 
piston-\'al\ e Conti ol. it is possibh* to obtain a V'er}’ free ejas- 
way with a minimum of surface exposed to lieated r-ase,s under 
pressure 

It has been pointed out to the writer that a double-seated 
val\e do(‘s not lend itselt loi beinr locati'd at the bottom of the 
combustion cliambm-, which is thr yirevailin^ yiractice in lar^e- 
jViwer hori/ontal engines run on blast-furnace gas, to jiriivent 
acxumiiihution of dust and lliinn!. This objection, however, only 
holds in (h'gria*, and lia,s been got over as shown in tig. 118, 
but in this form it loses tlie advantage of a double opening, 
although retaining a balanced ac.tion Both double ojiening and 
balanced action call bi' obtained in a horizontal engiiu^ by 
arranging the iixliaust water-cooled double-seated pojipet, r, 
horizontaby underneath th(‘ cylinder Inwl, and tlie admission 
valv('. o on the to]) in tlu* u.sinil manner, as shown in fig. 125. 
In this design tlm \alv<‘ is really in a inoriv gef.-ai-able position 
than an ordinary singlc-seaf.ed vertical lift \’al\'e Jocated under 
the fs>i duistion cliamber of a lioiizontal engini' . as when arranged 
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111 tins in.'inilt'V lli<J V;il\(‘ Ix’J.lkrll n^rt SIllipU 

iltc iiiid wil!^ t,lit* r. ^ 

I }ir ;id V ;intai;(M>l this will in* <tl)\ lous (n an'i>nnr Iia\iui^ expert 



of this work The va]\e is well supported at hoili endwS 
by liollow weaker -ei^ohaJ sUoa e<)iiv(‘etioi»s eai ried l)y metal rinc- 
packed .irafi-tio'ht •Ijearini^^s, //. the packing- and adjustment of 
wdiicli are# eoiiveniently aecesalhti' , tliis latter remark also 
applies tu tli(‘ comparatively small and enclosed valve spring, n, 


arranged liorizontallv — Butler.% 
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;ui(l iipiiii to (he cinKil.^i-iiiii; and cnit.](‘t conncciious, 

A, /. Ill iiui; a r'lou})K'-st'at,(Ml «(_‘\luuist \al\(‘ ol' vsiinilar 

l‘onn is bIiowu ;n-i-ani;iM| at tin- oT a hoiizonlal cylinder, 

lieiT tin' iiilnt valve, 
<i\ IS located .over 
tin' l)alaoc('d ('xliaust 
{)o|4)ct, r\ wliicli has 
oidy one st/'in . but 
in ilns di'si^'ii, al- 
(liou^h t he va^\a‘ can 
be diavvn throu^di 
the openinji I'oi- tin* 
air-\al\(' easing it is 
necessary U) I'einovii 
the eullar ennaeme 
with the opi'iatin^^ 
h'NS'i- e' as jji ordin 
ary practice bnt as 
an ollst'i to this, 
them IS onl_\ om* 
^land - ])aclv(‘d bear- 
ing;. <i\ and one coii- 
nci'tion, li\ for the 
cooline \va,ter In re- 
i^ard to the superior- 
ity of oiu' o\'er the 
otlna- of these two 
designs, it may be 
adva.nc('d that the 
hori/ontal \'alve, is 

Fi(r. i 2 r)A, -■ I ii OSS sooiiniial oleoitioii of jiouii iiioi'e advaiita^eous 

ol lioi i/oiii ill .slio\\inLj ( loul •U'-S('iit('( 1 JJI ('in*’ijHis oi larne 

balaiiccd-.iclioii wnto-c.ioli’d oxliitiisi xuUc iu . i ,, j- i 

raTi];ol v<'i I iciilly — Uiillf 1. si/e, and tile vertical 

to smaller ('iinines 

of horizontal form. Any dilfiiadty that may arise, due to Unequal 
expansion of tin? valve a,nd the double seatine, will probably be 
found very slii^bt, as the surface on all sides •f the double port 
connections, /, /, is water cooled ; besides, the leiietb ,of the valve 
is only one diameter, and the working conditions, although widely 
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(liflerpui from tliMt (>l)taiiin(l witJi yet lavoiir ilic proiiii.se ^ 

iliiit iiliiiii^tel y tlu'sr wil. iiot^ lx* foiyid^so di.ssiinilfir ns to 
prevent its ol)\ mus ;ul vatii uy<\s heiiiy ren»lis(‘(l. ' a 

Valve Arrangements and Actuating Gears.,,- The distrilmt- 

nig v’idves ill lujtli yas and oil engines of tin' liori^ontal tv])e are* 



J‘l(i rj() — Disjiositio" <il <t(lmi',sn>n .iml (‘\llHU^l \ahrs in I’.iMiiuii Iwii- 

ZdiiLji] giih 1‘iinin, , ,i1m) typx'al .(Ouiii',(‘iii(‘nt oi side shaft 4’Liii-actuatiii^f 


invariai)!}' actuated l>y a eani sliaft arranged alongside the 
eylindi'i tit a jioint lielov tlu* centre line of tin' crank sliaft, and 
it is now till' uniA ersal practice to conininnicnte motion to the 
cam shalt by a jiaii- of skew wheels, gearing in a ratio of 2 to 1. 
A typical illustration .sliowing the usual disposition of the 
valve shaft, cjims, exhaust, admi,s,svin and gas valves is seen in 
Hg. I2h, the exhaiisf valve, K, being located at the bottom of the 
combustion ^ihamber and haxing a cover, i\b for its removal, 
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wliicli 111 iliis is iii.ule in tli<‘ I'orin ol' a, foniin-i^ssion by 

winch iiK'aiis tlic ih'if. (Vi nl' coiiya'cssioii ina) 1)(3 adjiistfMi t,() t^nve 
a |)i‘essiir<vil\ r\/ S(l lb'. ])cr ,s(| in , \^'lirii it is (h^sinsl to work 
on town n-as, nmPwhh a ihs'itcr plu^ to obt-ain a, |)irssiii(' of 
100 ll)s oi mil t’c h»i list' Avith pioiluci'i' mis A si'paralc \’al\'(; 
sca^; as sliow ir IS iiol always usml for llic ('xliaiisl \ al\ c th(}'aii>rc 
usual [>ract](,‘C bi i'n^ as shown in 11^. 12/ w'ith t' ic admission 





Kii. 127. — Sci'U'iiiiil vii'w uf Tuii_'^w<‘ ,:2is cimnii', ihnuiii^^ (li-[iONiLi<)ii ol 
.ulmvsion iinil i '■.luiiisl v.il'c-- 

v/f,lvc directly ovm- it. for ciri^dmm of tlu' sini^dcvy lindiT type of 
riK/doi’atc 'si/a' 'flii' exhaust \a,lv(s an’ain, is ofOai jilaced at the 
side of till* couduistion chamber remote Irom thi' aetuatiiiy shaft, 
an ari'aiiij^ement xvhich invoh'es the usi- of a lonyer level- and a 
breech mid of a more bulky charaf-t.er In the hundrial or so 
makiis of the (jrilinary sin<;le-eybnd(-i liorizoni.al _i;as engine, in 
most of wjiicli cam-actuated valves aie used, thm-e is an exhaust 
valve, admission \alv(', and — in engines n'()\erned on the hit- 
and-miss metlioib a third \aKe, also cam-actual (‘<1, this valve, 
shinvn at (1, onl\ bi'iny op(mi*d wdieii a’ vvo)-kin^ stroke is 
ri'i (uin-d d'lie mndm* with its cliarm' of ii;as cut oT’ thus works 
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witlj a throttlinf]^ acTioii, nu ,Mii])|)]rin«Milai'v air supply luMiig used 
to coiupensate I'or tins, and tla* epuipressjoia Lollowiu^^ a cut-out 
admission stroke in an en^iue yvorkini; <-ii produce) oas will, on 
tliis account, fall fn)m 100 Ihs to Hoinewheic O-Uwefui 70 and 
(SO lbs. per S(j iji. wi(.}i a coi’i'espondin^ drai^ vn tlie piston. 

on tliis aec(»unt, and to obtain an inijiul.se ;it each workip^^ 
stroke, most ai<^dn(‘,s of laip- powm- ust' eitiu'/ a tlij’ot-tle on the 
rni.xturr s>]])pl\ on a cut-oir m-ar tlx’ admission iiytlu' latter 
cas(', beiiiw controlled by a trip action. l]ie*closinLt of tlie\alve 
detiendinn on ihe govei - 
nor, spf'ed, and load 
An example of this 
cliaract.er is illustrated 
in li^' I -0, tin' va.l V(‘s in 
this case bcin;j, opeu> d 
and closed by oscillat- 
in^M'aans k'Ci'U iny tlu'ir 
motion from eccenlrics 
on a balf-Hpe''d shaft 
'e Dinnlnr (‘n;^im 
cam shafts are 
cm to d('termin(“ 

’UK' of o])enin^ of 
admission valve 
the ojKUiiny; and 



Jn 

tW' 
bised, 
tlie 
the 
and 

closii.n (jf the exhaust' 
valve, aud the other for closii'^' the admission vaKi'. lii the 
Number^ horizontal and tin* Uathhun vertical en^dnes the 
valves are actuat'd from a, side shaft' and eccentrics, the adiiiw- 
sion vajv<' oeinn under tlie conii-ol of a ^myau-noi ITip action 
and the exhaust valve of a roliiny; cam near, as shown by 
li|4'. Idt), where the oscillaiinn cam, H, receives its motion from 
an eccentiic and lifts the valve. \’, tliroujnli the lever, Jj, and 
ball, B, the valve stem, Al, beiiin- nuided by the plnnn'ei, 11, 
within whicli is neatly' arranged the return action stiring. ijy 
tills form of actuating gear tlu' exliaust \alve on being opened 
receives at tlrst a very slow movu'mi^iit, tlie opening immeiliately 
following the releas# of cylinder pivssnre being accelerated by 
reason of tin* rolling contact of Iv approai-lmig the fuleriim of 
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the rock ('T lover L 'I'ho ourvo of the jiciuatino- eaui, aa at M, 
Im also fornaal 1() ohtaio an (‘(|n,nalent la^suli as wilLl)e S('en on 
roferoiiee io I'ih, 1<B tlu* i )].rnini; ?il‘ ilio exliaust valve, as at 
E, for instance ..liih trij) cam K, foi niixtnr(‘ a<]inissi(»n cnt-otf is 
provided witlnan .iir-ciisliion dash-pot, I to solten tlic, closin<^ 
aot^ion. 



K\. 12'J --ScrtiniMl MOW -.1 K.cIi.ikDuii W c .t-ai 1 1. <l.»uh^‘U( hl)'^ ongiin . 

showiiJj, aiKiK-oDicnt ol a.lmisMoii i 'tluiisl v.iImm, and ..sMllatai<^raiu- 
njtoiatiii‘i: i/iMi’i'. 

Ill roi'-ara to tin- (haincko ol viilvrs, il will be neeii that 
the exhaust salve in li-- I'-i'i <aie-thinl the diameter of the 
cylinder, in h”. 127 it i.s 0 3(i . in lin 128, 0'4, in tif;. 12l',0'34; 
and in ti<; 130, O'dO , these projiortions in all rases falling 
slightly below the lignres given in the table in (’ha|itei' VII. 
This is to be aeeoinited for by the desire to kee]i down the 
pressure resistanee opposed to the actuating gear, the pressure 
on the e.xhaiisl valve at the, inoinent of release -n the engine 
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» ^ 

Ahown in 129 —which rojuTseiits probably the largest cylinde/’ 
yet made— in many caMes exceeding ijf) M)s. pea- 8(j. in. This 

• • • # 



Fk;, 130 ,— Wiiici -cooled oxliiiusl valve for 3 r>an. diam. Nialjl)Cic;,HS engine 
witli rolling cam and (icconiifc ojiciatiug gear 

poiiitvS to tlie advantage of using an exhaust valve, constructed 
to be balanced or nearly so to the terminal pressure of the 
cylinder gases, in minimising .strain and wear on the actuating 
gear. 



CHAPTER IX. 

ROTARY DISTRIBUTIiyG VALVES; ENGINES WITl 
SINGLE AND DOUBLE-PISTON CONTROLLED AE 
MISSION AND EXHAUST. 

Rotary Valves. — 'Tlie mo.st eflective substiluto for tlif lif 
poppet valve is iind()iil)tedly a thoroiig-ldy balanced fonn c 
self-adjustiu^ rotary valve. Many such valves are in use, an 
give very satisfactory results. Any foian of sliding valv< 
whether it be reciprocating or rotative, must necessarily hav 
a slow surface speed, and be relieved of the major jrortion c 
tlie^ pressure resulting from combustion of the compi'cssed ex 
plosive mixture.^ In the evolution of the internal combustio 
engin^ many forms of rotary, cylindrical, and disc valves hav 
been used with varying degrees of success. A very goo 
example of a disc valve is illustrated by the Raymond com 
bined admission and (‘xhaust valve (lig. 131), which represent 
a section of a cylinder used in a 100 h.p four -cylinder vertic« 
gas engine made by Case & C^o. of America. In order to reduc 
the surface friction in this engine a ball race was used, thu 
taking up the great pressure tending to force this large diainete 
disc against its seat on the cylinder cover. For the sake of cleai 
Bess this detail is not shown in the illustration . the rolling pat 
or race for the bearing balls is arranged in one design betwe^: 
the ports and tin? valve stem, and in another on a flange situate 
above the S[mr driving wheel. Referring to the illustration, < 
IS the disc valve having duplicate admission and exhaust poi 
openings, RH, which coincide with two pairs of portways, 
and N N, in the cylinder cover dui*ing each half revolution of th 
valve ; there arc. thus duplicate admission and exhaust inlet api 

' llepnd’urd tjom artirles ])ul)lislie(1 in the KmjDU'nnuj 
210 
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outlet branch facets, A A and X X. Xbc va)v(j stem is holloSW^ 
and carried up through a bo.tring^ntfck in cylinder cover. 


where a spur wliecl, 8, partly 
Supported in an independent 
bearing, is keyed to the 
vaTve steie 1), by a sliding 
feather tit* thus permitting 
the valve *t(# be held up by 
the spring, E, and is tlius 
relieved of tbeVeight of the 
driving whe(d. In the top 
of the valve stein. 1), there 
is a gland-packed intake for 
the cinmlating water, wliich 
enters by the regulating tap 
sliown by way ()f the inner 
tube, this ex. tending to nearly 
the bottom of the valve* , 
.Water occupies the space in 
b( hollow disc not taken up 



by the two port openings, 
RTl, and returns up the 
stem, 1), and watcrtiglit con- 
nectiOii to the outlet, W. 
The cylinders of this I'ngine 
are arranged in pairs, the 
valves being driven by a 
vertical shaft passing up be- 
tween them and geared to the 
driving wheels of both valves. 
' liius in a four - cylinder 
engine there are two vertical 
shafts directly geared from 
the crank shaft by mitre 
?wWls arranged between the 



two pairs of cranks. In order to further reduce pressure iQ]| 
‘the valve face, recesses, H, are provided wliieli are opeh td 
;.^yiinder pressure, 1;hercby causing the valve and cover face#^ 
more Evenly and to maintain a more perfect gas-tight 
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' The use of a (jisc-distr.ibuiing valvt- m this inauiun- is by no 
means new, Uaviiv^ been a.bti<"ipai(?.(l l)v Lenoir in one design of 
compression gas engine made by t.lie Ib'-nling iron Works, a 
disc valve has also been used by Atkinson and others, who 
found a biiideney fm- the valve to wear awiiy more rapidly 
towal'ds the periphery tlian near the centre 1 )isc valves liAye 
again been tried in high-s])eed petrol motors, Imt witli'indifl’ercnt 
results. 

Cylindrical rotary vaUa^.s liav<' met witli more sikhm'sh, the 



Fjo. 1-’32 —Rotary cyhiiiliUMl foi und f'xli.ansi— Wilcox, 


usual method of using tliem being to hold the \alve up to its 
seat by a back-bearing cover, as in the case of reciprocating slide 
valves. In tins form, liowever, tliey were never used in engines 
of more than 10 h.p., and were more often limited to quite 
Amall engines — for example, the Crosslc'v and ITeinier domestic 
gas engines. Tlie Wileox cylindrical valve, sliowji in tig. 182, i» 
arranged right in the e.omhustion eliaihber. and revolves between 
two covers, through which a,rc carried two liearing-arm exten- 
sions, tlius d’elie\o’ng th<‘ valve from a too heav} pressure ahl 
to its seat. This valve is double ported, and revolves half 
turn for each cyeh' , hut as there is only one pair of portways in 
the area of port opening is con.4V(|uently not moi^ 
than one-ninth tin' pi.ston ai-ea. althougli a, very hii'gr diamei^J' 
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of valvt; is uscsd 'ITin s('ctloji;il of fcliis vajve are 

takiMi from a. douhle-atGiii^ Jiori/oiit«/l four t^lioko engiiii 
pf American const met, ion, in winch A aiu]» X.are the admission 
aj^d exiiaust portways, which are formed fan-sl^ape to comintim- 
CtU.e with the long port opening, T, in the valve, K ; the, valve 
is’ cast AVI th arms, one of which carrits the worm driving 
wlieel, M , like 4’alve is cast ijollow for the ciMCidiition of cooling 
water, .whicTi enters at W by a pipe at*one end and leaves by 
a correspoiidii^g outlet at the other end , each jkipe is made a 
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ordinary rotative' plu^ valv<' lias rt*ceivod much attention 
at the hands of ^losi^news, hut, excoptioi;’ in tlie balaiuasl self- 
adjusting form sliov^n in ligs. to IdO, lias not been very 
widely used, li, is true that ping valves have been used just 
for t|ie admission of explosive mixture and to time the opening 
to an iiTiiition tubn, as in the case of the tderk and Niel 
engines, these, however, hav(‘ been oidy comparatiyidy small 
' engines, no attempt being m'ade to balance tlie vj’ilves against 



Ff(} L'14 — (.Ii(»ss-H('clioii ol liullei fonihirit'd iuIiiu'.kkui iuhI rxh-iu.si halaiicod- 
.i« tinii loinry valve loi ‘jO in. 'Iniilda avtiiif,' oTiffiiic 


the pressure of the cylinder explosions. In the Butlei- balanced 
form of rotary combined admission and exhaust valve the body 
of the plug is hollow, or rathei- cast with three chambers, a 
central double-ported exhaust chamber communicating with^ 
an exhaust outlet at one end and two D-shaped admission- 
chambers, one on either side, and each provided with a port ! 
opening, arranged to communicate with an inlet chamber at the! 
other end. The valve is given approximately an <S jier 
'taper, and is held up to its seat by a smalf plunger open 
itie pressure in tlie cylinder ; thus the valve 
:)a floating tit. 


is given^ practical? 
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In si;jes willi f^ylindt^s lay^er llnyi ^5- tj) 10 in. (Ham. tk«j 
valv(; is Ix'ttcr wn.to c<h^1c<] :it Mk' cK^iaust (a* i, tlje a(lmiHsiot 30 
e.nd bein^ kepi (‘oot by ibo. in^roino- i)iixtitrc,.\vbicli ciiectuall^ 
protects the exhaust e^uitral cliaiuber walls Irom contacting 
with the valve seal. Valves of this construction have bi^n in 
giiScessful jise for inor** than twenty yeafs, ai^l exhibit but 
slight sigj)i> of ivear In ordinary use valvcj? of^this kind are 
found U) vveaj' endways about one-tifticCh or so of their mean 



Fig 1 U - i/ungtludin il spot.ioti nf hulancetJ walpr-ooolcd lotiirv \!ilve for 
(loiii»lp-;u‘liii{r 

• 

diameter in a working year, allowance being provfded for an 
end adjustment of one-foui-tb its diameter. As far as known' 
to the writer, only one of these valves has been (piite worn 
out of its seat, and tins in a 15-in. Clarkc-Chapnian gas engine 
in daily use for eighteen years, in this instance the running 
' time averagi'd six hours per day. The valve is ^more often' 
than not capable of outwearing any other part of the eriginei 
' its rotation being only oiie-fourtl^ the speed of the (;rank shafi, 
■ In practice no attempt is made to luladcate the valve othej^; 

at tht^ driving end, the bearing or contact surface, whieK 
V ^fepeives a portion of tlie carbonised lubricant from the cylinder,' 
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found afif'V iiso Dt hr dmd suiootli and 

ft very hard • r, n 

^ In vertical eu^i»U\s ( /o/r tins. 1:15 jmd KIoa) this \alve lian 
been usect ])otvv'-‘en two cyliinhu.s, tin- ])oHs in tli<’ seat being 
arnmged in opponite pairs to eoininunieal-(‘ witli (‘aeh cylinder. 
The valve caii tlini*> distribute liotli for admission and exliaust 
for two cylinders: and has even been used for three, , but in this 



Kiu i:?.'' —Section showing Butlei conil)int‘(l a(lnu''''ion ami •■xliuiist 
viihe :iriaiiged foi two cyliii'ieis 


ca^ the unavoidable hnigth of portway is a drawbacdv. When 
arranged v,ertically it is })etter to use ;fc...counter[)oise weight to 
balance the valve against its own weight, a plunger being used, 
08 wlien arranged horizontally, to 0})pose the force of the ex- 
plosion pressure tending to lift the valve out of its seat. 

Referring to the sections tigs. 134 and 134a, which are taken 
from a design for a 20-in. double-acting horizojital cylinder, the 
explosive' ibixture ('liters direct from the governor throttle to 

^ A vah e in a UH-ni. dnun. crigiiie aflei uiik* years’ coutinuou« u4e 
; (JUKht aiid day) was found to have, worn endwayt' hiiii iiKire than 1 lu., 
be file-proof hard on its surface 'Flirs engine, which was on full 
during Die day and on half load at night, fre<|uentl> made iiAn-stop 
five to nine weeks. • ^ 
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A, which coiinnunicatcs will) Hk* two D j)ass^i;es, NN: the 
taixturc lienee enters 1,1 h‘ ^ onibilstioi/^rlunnhei ,* by the ^Wo 


oppositely an‘an^'e<l 
portways and open 
ina 8 ,,U IT , the valv(' 
contifVming t(^ re,volv<‘ 
as the n:ot(^i‘ pi^^ton 
complete^ its Auction 
stroke, then eni^ oil 
the snp])ly, and fur- 
ther eontinuine its 
rotation, will ojien to 
the exhaust, and ri' 
lease the pressure b' 
wards the end of the 
workinif stroke, when 
the exhaust eliainber 


T 

will he 'll 

com 

tlVO 

ication v ith both 

tlv 

]x>rtways, 

rn, 

the 

coin})lete 

cycle 

occi 

’pying the 

time 

for 

the valve to 

turn 

a half revolution. 


In order to retain 
the valve in a ^as- 
tigiit working posi- 
tion up to it,s seat a 
plunger 01 pistoji, F. 
is placed in coinniuiii- 
cation with the motor 
cylinder by means ol 



the pipe, E, a coiiti 1 lua- 


tion of the plungm-, M, 
being carried tiii-ougb 
ft packing-box to the 


Kic 1.‘{5 a Cro.ss-sivliou ol tl»i'i'c-cyli*dcr compiiund 
Claikc-Cli.i|tjuaii i;,is I'liifiiic littfd vvitlija rotary 
balance I ^notion valvH. 


water cast^ at tiie (|nd 

"of Cite valve cover, where it is provided with inlet and outlet ' 
^©ryice pipes, W. Cooling water enters the valve by a tube 
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with a fork extetisjor, L, for ensiiriiij^^ circiila.lion riglit to the 
endw ol tlic ja^'kot oliamlx r.s, and ivtjiriiM aloni; tltn lidliow stei^i 


4 - I 


Flo. ]3f). Details ol water-cooled balanced rotuy admission and exlmiist valv* 
fill a SO-Hi. double-actin^f f;as engine 

4 

to the outlet at W A weak spring is luiclosed in the cover aly * 
the exhaust end oi tlie valve, and is of just i>:ufhcient tension i/O 
keep the valve from moving endways out of its seat or 
oscillating during the admission and exhaust strokes, wte® 


yjg&ag 
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there IH iH) (3li'e<‘t.i \ 0 prcHsurc iii tlM* cylind^r^to j^nr ni^ainst the 
halftiiciu^ ar^a ♦•oiTipciiSiitf))' or balani*fiig 

plun|]jer is approximately e<pial to tlio dillbrencr oF cross-sect ioiml 
. area of the valve exposed to the [>ori openings *!' H it is 
erpial^to ilu* ditlerencf's in valve diameter at* th(' two ends of 
the f^rt ope^iin^es. ^ • 

At t}i(' driving ('iid the worm \\}i<‘el, H. is journalled on an 

• r* .' • » 

extension ^slee\^‘ formnii^ paid of the*c,over, .which serves also as 
a beariiio- for il?t‘^valv(‘ shaft, which is fnn; to move endways 
in the driN'in^’ vvheel, It (tii^; Idiv). hi some cfises liners are 
provided to facilitate boi-ini^ and the ciittin^^ of the port openings, 
U U, but as the use of a liner invoKes a greater thickness of 
metal betwasai the b(‘aring oi* contact surface of thi? valve and 
the covding surface, (he lavst, n^sults can be obtained when the 
combustion chamber is bonsl truly to n^ceive the valve direct. 
This applies moie [particularly to the larger sizes . the use of a 
liner is more convenirnt for iciu'wals, however, and is the 
method generally a,dopted in single-cylinder engines. 

‘ ds in tlie working of inlernal combustion engines, in order 
.to d'^ain the bf's' lesults, so mucli d(‘p(mds on the gas-tightmfts 
land timing of the valves, and in multiple-cylinder engines, 
especially wlnu-e tJie number of cams rcipiiriMl for operating the 
various forms of lift valves need tbe utmost care in their setting 
to obtidn strictly accurati' n^sults, any impi'ovement making for 
an enhanced ethciency of the valvi's and mechanism used for 
the distribution of the actuating tluid, whereby the working of 
such engines can be nnjre [lerfectcd, is admittedly one of 
essential importance, considering the widely extending field of 
their usefulness. * 

Engines with Piston-controlled Admission and Exhaust.— 
Having no^v described the various forms of admission and 
exhaust valves used in four-stroke engines, it will be interesting 
to consider distributing methods more particularly adaptable 
.for two-stroke engines by which the exhaust — and in some cases 
the mixture also — can be controlled by the motor piskfn without 
, use of valves of any sort in the motor cylinder. Engines 
of this class can be ^arranged with either an euplosed gas-tight* 
• wifh a separate charging pump which may. 

1.1 Ranged alongside. In aiiothor construction a long cvlindo: 
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with Pu'o pistons Is^ Uood ns shown in IdS, which represents 
the ( )ocli('Ili inofjiliciit ion' of Sfirlino (fjis engine now beiri|j 
nnu](; in tliis country by Heaidnioie ()o. of (ilfis;L;o\v. 

All engines wliicli utilise tlie motor piston to uncover port-. 



Fkc -T\ui ''lioFc cii^iiic, witli tniiistVi vjihe on ryhintn niid. 


ways in the working cylinder for the admission of mixture and 
escape of exlniust gases ar(‘ constructed to woi’k on the two- 
stroke cycle, and consequently obtain an (‘xplosion impulse at 
each outsVroke of the motor piston. 

Rehu’ring to th(‘ illustration tig. 137, which represents ..a 
section of an improved foi’iii of ptitrol launch motor, the pistoHj 
f), is made to serve as a slide valve to time the admissioji,^ 
mixture from the crank chamber, Jc, to the inlet valve, v, 



>ISTON-COKTROLLED ADMISSION EXHAUST. 221 

in the head of the cylinder, c. By Uiis arraiigeitieiit there is 
claimed to less loss of mixtur^‘ to th<i*(‘.thau«t outlet tl]^n 
obtains in the more i>enei- ;|]1 y us{^d form of motx^jr shown by 
tig. 137a, which illustrates a very simph' form»:i)ijI w{'ll-known 
con8tructi(m of ])(‘trol 
launch motor vcuy 
extensively iikiide in 
America, in • which 
country a4one | lei re 
are upwards of twt'tity 
separate* ('ngineerin^ 
firms making this 
type of motor in \ ari 
ously modihed forms 
for marine, statioiiai'v, 
and automobile [)ur- 
poses. These motors 
are gemu-all}’ built in 
separate units d' from 
4 h ii.p, each, 
and are couplec' up 
♦in twos, threes, oi 
fours Til ,soirie cases 
six sepal ate self-con- 
tained motors are 
connected up tr> one 
propeller shafi, the 
number of motoi s and 

not the size bting ^ 

determined by the ^ <»nimoii iy|icol valMlrsi^lwo-slioke 

, engine with (Ifilortnii! iJaU' (III ciK.] of piston. 

power reijuired. 

They are all single-cylimhT motors with enclosed crank 
CMOS, the mixture oi petrol spray and air lieing drawn first 
mt5 the crank chamber, wlieiv it is slightly compressed on the 
'down stroke of the piston sutTici( ntly to cause it to enter the 
motor cyllndei-, ami in so doing drive out tin; spent products of 
the previous working strokt^ Tlie mixtiuc in tiie example 
N’fith (ylinder-lK'ad tr.msfer valve,, is driven' 
pa.ssi|*;c ill the piston, p, ami thence by tbe portwa^y, r, 
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alongside the cylindej* t<j tli(‘ valve, t\ wiicre it enters thife.' 
cy'lmder, and ifi so doing drivvs out tlie exhaust gnses from tt'e.;- 
last explosion throngli tlu' outlet p</vts in tin' eylinder sideati^^^J 
In the rnorti nonVinonly uscal lorin of (niclosi'd crank -chain bei* 
motor (tig. 1.V7 a) the mixture enters hy the }>assage, 7 *, to port’ 
openings in th(‘ eylinder, and thus driv<7s the exhaust gases out. 
by tlie port. openings at .#■ on the o])j)osite side oF tlie cylinder, 
the exhaufit ports being op(me<l in advance- of the inlet ports,- 
A detlecting plate, /, is east on the top of the })iston for the' 
purpose of preyamting the ingoing mixture fiom escaping with 
the exhaust gases. Other designs of two-str »ke engines adapted 



Fie. 138. Tw<>-sii(»K( fiiginc willi (loutk'-jdslon iiiul exhaust control 

Slirhiif', OccliclhaiisiM', hikJ IjcardiMorc systi ii). 


fi'r running on par.attin, semi-retined and residual oils are shown ^ 
in Chapter VT. ' p 

Motors of this elass an* ch-iiim'd to be eo/iv'/rx.s-, and they “ 
may at any rate claim to require neither a half-speed shaft tior/ 
any cam* and spring mechanism other than that used for 
inlet valve in the crunk casiu They are well ada])t(‘,d for inOtoi*V 
boat propulsion, and are vi*rv popular in sizes limited to abottt: o 
6 h.p. per cylinder for running on petiol, and for paraffin ^ 
heavy oils with injection feed up to 40-50 h.p. per cylinder 
tigs. 95-102 and 105). For larger powers tlie form of 
‘ design shown by Hgs. FlH and 142 is more suitiible , the 
here in lioth (-ases enters the cylinder at a jioint as reinoteigi|^^ 
possibh- from the point of exit. In the douhle-piston 


,a separati' piston is used to control the inlet and outletj 


;; 'PISfCJN-GO-NTR'OtLEB ' ADMI88IOIt ANt KXH]^Uj3T,T'^^' 

N and T, the two pistons, J^, bein^ connected to opposite cranks, 
aii:(d *So bftltjjnce one another, tins lornij’oi online refjuiri^ a 
separate charg^in^ pum]), ai»cl is inad(‘*inisizes to 1000 h.p! 
In tbe twin-cylinder design (tig. 139) tlie clumge first enters the 
dual crank case at o, a,nd is thence transl’erred, to the twin 
cylinders by the connonnicating passage, in, and openings in t|)e 
cylinder, , (Jk; inixtuiv in ])eing driven into Wie bottom of one 


C' . 



Fic. 13i'.~T\vo-hti(.kc oiigiiK* wilh twin c>lui(k-rs and pislon-oontrolled 
inkt and exhaust — Lucas 


' cylinder drives Ix'lon' it the products of combustion 4 rom th 
IJrevioils explosion out by the openings in the bottom of tk 
/ oilift: cylinder, c', and so into the exhaust escape pipe at iv. Tin 
• cylinders thus serve for one another, and in a more eflicien 
’ .tiftitnner, the purpose of tin' dellecting jilate, /, as shownu h 
-4%* 137 a. This form of motor lessens tlu' loss of explosive 
i "I^i'Ature escaping wdtli the (‘xbaiist, and enalileM a wiclcr rang) 
Atw'^sp^ed to be attained than wit*b the simple singh'-eylind^i 

ij^odifieation wdiieli is entirely valveless, and adapt 
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able for larger powers, is shown in (ig. 140. Here a double-' 
acting cylindei is proj ided wjtli a double-ended piyion, j), thuti 
Ihe necessity loi* nsinji^ a gas-tight ('eaiil< case is dispensed with. 
Side connecting lods are, however, recjuired as in tig. h}8, unless 
a fork(‘.d con,',i('cting rod is irsed such as slow n at d. when one 
cr^nk shaft is riMpiired as again.st the tw'o s<‘parate (Tank shafts 
used in tig. 100, which is bad as tliev re<|uii-i‘ Oji be connected 
by gear wheels to run in opposite ihreclioia/ with a balancing 
action. In addition to the'design.s shown, therg aiv other forms 



of engines with a, niotoi- pi.ston -controlled ('xhaust one form 
having an eiadosed Iront to the cylinder, and another au 
apnular Npac(' formed hy an enkiged piston running tandem ■ 
with the .pow(n--(‘yliiid(‘r piston.^ Thmi there must hi^ mcntioiied 
the o^d foim of (oigine wdth a separate charging cylinder as 
used by (hcik, and another modification known as the Itobsbn’i 
this having a suction puni]) acting on tin* exhaust in place of 
the mixture supply, two sysHmis that wnni' introduced 
about tin* saim* time. . f j 

In ilh* (lothic oil eiigiiu*, instead of the mixture for eacll, 
succeeding cliarg*' being forced into the explosion cylinder fiw"' 
a piunp, a vacuum is formed by an auxiliavy rxbanst pump^ by",. 

' I lliHlraI.ed ju Intriind donihnsfioh Emt'itn Ihnuju (t.in{ i^uidivCi' 
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which means tlie used-up or imnit products of combustion arfe* 
first drawn out and a new cliarg’e (^‘awn^in (h^'ing the ^riod 
that the crank is swingin j round an anf of a])out 25°, the power *, 
piston controlling^ the outlet as in other two-slroke engines, Th^ 
advantag*' thus obtained results froiri being abfe to draw each 
cbatge of vaporised oil and air direct into the working cylinder, 
thereb}’’ avoiding tlie condensation of oil Unit would occur by 
first puinpAig the charge into a crank ^chain her “or cylinder j 



Pig. Ul. —Soctional views of an entirely valvoless two-.stroke engine, showing the 
Piston in positions for charging, exploding, and exhausting, no inlet valve* 
oeing required to crank chanibei. * 

also, of preventing thv petj-oi or vaporised paralhn mixture from 
combining with the lubricant. • 

Perhaps tli(‘ must interesting two-stroke engine (Tf the kind . 
in which the crank chamber is titilist'd in conjunction with the. 
bottom end of the motor piston for drawing in and transferring 
tbe explosive mixture t-o the explosion end of the cylinder is 
the Valveless, illustrate.d in fig. 141. In this en^ne, more par- ’ 
ticularly adapted For motor boats of small size, ex*plo^ve mixture ; 
is tranaferi-ed from the crank chamber to the explosion end of 
the cylinder by the portway, N, And cou.se((iieutly does not differ' '! 
in this respect from the ordinary method shown in lig. 187, the ! 
lAOtOr exhapating through [lorts to \l in a similar manner. The ' 
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peculiarity of valvelcsH motor, howov<'r, is that it is able to 
disp^iise witl) cm inlet ‘vaH'c t'o the crank chainbeV For this 
purpose a third aeries ot port openings, as in 140, is provided 
' communicatino- Viih the inlet at K, which may be connected up 
direct with the carburettor , theae inlet ports an* ke])t covered by 
thd" piston exee])t at the tei-minatioii of the upsti-oke, when' as a 
partial vacuum will then have been formed in tin' clank chamber 
by the exhausting aetion the piston, explosive 'mixture will 
be drawn in. The complete control of the motor's 'action is 
thus aftected by the working piston through three serii's of port 
openings, ddiere is, howeV(*r, in this simplified construction the 
great fault that a less weight of air charge can hi' dran n in . this 
method (‘onsc({uent]y is not ado})ted for enclosed crank-chamber 
engines of any hut the smallesi sizes 

A description of engines with jhston-conirolied e\liaust would 
be incomplete without a few remarks on large gascngini'S Mork* 
ing on the pision-coiitrolled iinnciplo, sui'b as the Korting and 
Oechelhauser types, provionsly referred to kor this purpose 
the diagrammatic illustration fig. 142 will he found to afford a., 
fairly clear idea of the working of the first nanu'd. Separat^if' 
air and gas pum])S are used for forcing I'xplosivi' mixture into’ 
the power cylindi'r tlirough charging \aUes, N, the ]>istons in 
the two pumps being euiinected to a crank at- Ibtk bo tlie power 
crank. 'Die charging pumps are provided with piston valves, 
which are sliown in position for gas and air to h^ foi'ced into 
the power cylinder, as indicated by the arrows, tin; power piston 
just commencing to uncover the exliauat ports, X, leading to E. 
In practice tin* charge from the air innnp is given sutheient 
lead to ensure* “as far as possible’' tin* exhaust gases being 
driven out before the admission of the gas charge, the complete 
operation occujiying the period re({uired for the power piston to 
open and close tlie belt of ports arranged around the centre of 
the cylinder The arrangement of these is set out in the cross-y 
sectional view (bg- 142 A) of a 500 h.p. double-acting two-stroke 
engine with a 25-iii. diain. cylinder. Here it will be noted tbftf ' 
a wider interval is allowed between the ports at the of 

the cylinder than the sides and top, this to afford the increased 
bearing surface fur tlu* piston, the exhau^t^ belt, X, is jacketed 
at T; water is also sprayed into the exhaust to keep down.tbd 
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temperature, hi tli(‘ (ionble-pisloii a sketch of which ia* 

showu at 1 88, tJu' action ft. wiy .^milar tlie fact of^here 
l>eing two hi'lts oi port opt nin^s, instead of ^ine, <‘oiistituting the 
chief ditferenei', (‘acJi belt being eontrollcd by a ^separate single- 
acting piston . thus additional meehanicallv fontrolh'd admission 
valves as at N an' not I'eijUin'd, altliough ■'^ime erigines of*this 
type are ])ro\ itied with a gen ernoi- -controlled gaji-adpiission^^aivp. 



Fit;. 1 1J — Di.t^riuiijiiiatic ariaii.ncnu'iil ttf douMt -acting Iwo-stiokc gas fiiginc, show- 
mg ]nstoii-c<uil itdlctl exliaiist outlet, a(lnii.s.sioii valves, juhI chaigmg purnjt.s* 

The duiiker, Tanner, and (dllespy d<tuble-pislon (»il and gas 
engines ai’e of similar construction 

On the e\])iry of tlie Otto patent in 1900 I lie, two-stroke 
engine with pislomeontrollcd exliaust 1(*11 into disuse vin account 
of its rathei- gri'ater cost of construction, but for large powensi 
this diigine has again lieeii taken up with considerable success. 
V^ery largi'. engines in considerable numbers ari' now lieing made 
with single- and double-piston control for use with furnace and ’ 
producer gas, separah* charging pumps being usi'd fnf the supply 
of air and gas to the admission ])orts. tliis also applies to 
large-power two sj^roke high-compression injeetion oil engines. 
In order to further n'diu'e the back p«essure ol' the exhaust 
giifies it is ^>metinies the practice to use a water-sprsy injection 



ii ibe Exhaust pipe ii>>mediately under the exhaust jacket ron^.; 
tbo ports coniiftunicatii^*^' svithMie cylinder, 'Ihis is done fw 
the dual purpose. ,of reducing' tlie temperature aroJind the^ 
‘ported belt sui'roundinfr the cylinder and diminishing^- the volwufe 

of the gases. r ^ 

'By the use of piston-control h‘xl ports for the admission ^nd 
exhatist tlie/arca for tlie How of the gasi^s lo and from the 



cylind'*!' can be ni<'r«‘as(al Irom tlu' eustomai-y pi opoi tions used 
it/the fopr-.stroke class of engine- e.p . from one-tenth to one- 
seventh (which latter j)ro))oriion is shown in the table of cylinder 
and valve diameters given in (Ihaj^ter Vll.) to an area ajiproach^ 
ing to one-fifth or even to one-lonrth of the cylinder area. As 
the portways are arranged around the full cylinder diameter, 
the area for a, 20-in. diam. ev lind<‘r, tor instance can be some 
70-in., witlT a width of 21dn only, with tie* pais (‘xtending right,; 
around the cylinder ami with spaees between of ('^pial lengOl^" 
the openings, it will he sern that a total length ol SO-in* C5ftn 
easily he obtained (see tig. 142a). It \s questionable, hoW^V^V 
if any material henelit can lx* derived from the use ^f port 



Jargtn' than one-fM'th iho cylindorarca, ^j^ich ^ivi- « 
mftow or outflow of the g|vses of le.sstfchin H3 ft. iJor Hecond^tii^^ 
Spoiidin;^^ to a piston speed of 1000 ft. per n^iniite, and restijtsih 
h back pressure of V(Ty little more than 1 lb. pA’ 8(j. in., prpvid^^ 
'shoi*t leiij^dbs of pipe connections arc us«d^ with the fewest 
poasiLle ol^ructions and, what is important, o^f a slightly arapfifted 
capacity. ^ ^ : 

Po\^er-pi.^on control can ho a(ijif)ted -to four-slroke engines 
as shon-n in ft^ 162. hut involve.s the necessity for communicat- 
ing a, rotary movement, to the pistefi. Pistoi? valves also can 
and liavr been app)i(‘d in a variety of ways; an example of this 
is sh( wn in tig. 166 adapted mon* especially for high-speed 
engiinv which re na. k applies also to cylinder-liner or shell- 
phton valves, e.xa tuples of which arc, shown in tigs. 165 and 167, 
fldie problem of sneeessfnlly appl^dng liner, ])iHton, oi' .shell valves 
for the admission and exhaust distribution of higli-speed engines 
running on the four-.sticke cycle is to comnmnicate the retjuired 
niotien wititont undue eom])lexity, there are other difliculties 
th it increase with size oi cylinder, all these have been considered 
iO f set out at gri'at length in Iidrnud Coinlui,d Ion FJn^ine 
J </n (( ml P] 0 //fv 
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ADMISSION, EXHAUST, AND COMBINED ADMISSION- 
EXHAUST POPPET VALVES USED IN HIGH-SPEED 
MOTORS' 

In thr hi^'h-siKM'd Kliort-stroke automobile t\p*" oT motor ^'reat 
imporiauc(‘ is attached t.o keeping- down va]\'t' pocket capacity, 
as wit'll high (‘ompressioii clearance space in the breech (Uid of 
the cylinder some arrangements of valves may consist almost 
entirely of \a,lve chambers and portways. Were it not for 
coni i derations of valve-actuating gear, admission and exhaust 
valves would In* more gtuierally arrangial in the cylinder head 
directly oNer the piston. 'Pliis method, .dthough entailing the 
necessity foi- more eximplicated actuating mechanism, is, now 
becoming more widely adopted, espeeiall)’ in motors of British 
^ and American make. There are various ways of arranging 
the^ operating gear,— cf/. a cam shaft may la; arranged over 
the cylinder heads, and be driviai through two pairs of gear 
wheels and a vertical shaft, and in sucli case is generally* 
arranged to swi\'el together with its two hearings over to one - 
side in oi-dei- to gain access to the valves : or tlu‘ shaft may bt? 
fixed up a little to one side instead of centrally, thus giving the 
motor a one-sided appearance. Mdie valves, again, may be 
actuated by rocking levers and push rods from a cam shaft 
arranged low down to oiu' side. By placing the two valveS 
immediatelr ovm* the cylinder head the combustion chambet 
can be made of more (‘ven foj-m. and side pockets avoided; thete 
is, moreover, a certain diminution in power lo.ss from radiation 
. and conduction, owing to thei'c being less lioated surface 

' !le]>rocluced lu ])art from anticle-s published in Motoi T'?hcHoii, 

230 
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posed ,to tlu‘ o(»(irniu' artion ol' tVSr cylinder jacket circulating < 
water. \’*aJ\’e8 ar(\ for this i-eaff^on, ^dd'l'ed in tl/.‘ cylindeii^endfl 
of many lai-gc‘-j)ow(M‘ oil ;o d gas engines, and in nearly all high- < 
power aei’o engiiu's • • 

Anoilier iiH'tlew] is to arrange the two vi.^vls*sid(i hy side as 
shoMOi in 14<4 In this disposition, knowni as the L headfthe 
\al\'es \' ni jst he at snllieleni distance, froni*the cei4#<e of 
the cyliiuh* •L *<1 allow’ for a wat^T spiwc between the valves 
and the cylinder Tin' dista,nce, d\ of the admission and exhaust, 
valves^, fi \ will he <l(‘termin€tl by tlie*diameter of the 
chamhi'i's aho\ f' a.nd ladow 
the valvi-s in an\ case* 
the cl<*araiic(' space. I‘, will 
be large ddie a(l\an<ages 
accruing IVom ill*' “side-by- 
side ' or L head disposi- 
tion of tin* two \aKes are 
mostly imchaniea.l For 
instance in this arrang(‘- 
Tnc'it all val\'(‘ steno' ami 
H|n- ngs may ’'C situated 
in the front of the motor, 
an*l can he opi'!at(‘(i hy 
one side shad’t direct hy 
push rods phicisl immedi* 
ate'y over ilu' cams, all 
levers and extra mechanism are thus avoided, the motor, more- 
over, jiresents a more pleasing design, and the valves are 
more easily aceessihle. The contra considerations are, as poAited 
out above, ilu n<*ccssity for inoi’e radiating surface in the 
clearance space, P, and in addition it may be stated that this 
method is u])en to the ohjection of having a more highly heated 
exhaust valve, owing to this valve not benetiting by the 
incoming cool mixture as oht-ains when the admission valve 
is arranged o\’er thi‘ exhaust valve; conserpiently wdth this 
amangenient tin' exhaust valves and seats are liable to show 
signs of overlieat ing sooner than if arranged in other ways, to 
be considered later. Another objection i tliat the cooling water- 
jacket do^ not extend all round (he exhaust valve seat, so that 



iulmi^.si*in and fxliau*^! Milvcs diieitly over 
|nston. ^ 
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‘the ^art next the admission valve is ])erinitted to work at a 
highk temperaviiio tliari tln‘ (^.ther nortioii of the seat, and 
' naturally une(jual expansion results to sonic extent. There are, 
however, several makes of antoniohile motors in which this 
yalve disposition' i,^ still used. 

The cylinder head, on tin; other hand, is olten ar’an^ed as 
shov.v- by the 'plan view 145. here the eoml)ustion chamber 
includes two pockets or valve ]U)rtways, P, the di.stanee, C, of 
each valve bein^ the same as retpiired in the side-by-side yalve 


Cl 



'■ Fio. 144.— Sectional plan (ifeylnulei tlir()n;^li euniltnstiori cliatnlte.i , showing the 
iidrai.ssion and exhausl v.ilvos aiiangod side hy side 

arrAngeiueiit shown by lig. 144. 44ie portways and valve 
chaitbers in this case have a cubic capacity about one-fifth 
greater, with a corres])onding increase.d area of surface exposed 
to the cooling action of the circulating water, conseiiuently the 
selection between these two forms of cylinder liead will Ik 
influenced by consideration of the actuating imndianism. The 
Vftlyes when arranged at “ opposite sides,” or T bead fashion, afi 
yin flg. 145, rtijuire two cam shafts as against one in tig. 144, and 
although the exhaust valve is more evenly water- jacketed, and 
therefore less liable to uiie(|ual expansion, the latter considera' 
, tion is a fairly even otlset against the use oi the double caitl 
•, 'shaft, with the result that one finds among the numerous mak<^ 
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of automobile motors these two Ffjrms (*r^coiiil>ustion chaittbera 
used* ill afioutr (‘i|ual projiortiorfts ; teiideney/is. howe^r^ to 
adppt iiiethodsby wliieh si*' ? jxiekets eaiilie eljmiTialed altogether. 
The length of the jiortwav, W can be materiallV reduced by in-* 
diping the valves as shown in lig. 14b . the \ al\Ts in the examplt; 
givdii are j^tli on one side, and eonse(|uentl v open to the oll^ec* 
tion of being unequally wiiter-jacketed as shown b>^the plaia^^w 
bg. 144. 'lie* vaKes are, howeveiv brougdit considerably closer 
to th(' eylindef and ai-e not less ace(‘ssibh‘, than in the vertical 
arrangj^'iiienl , and could (tf coui-se hr .‘ft’rang('d “•inclined ’ one at . 



Kio, 1 '5.- So'tioiial plan ouniliustiuii chambf'i, showing adlllls^l()u and 

I'xliaiKt .umngol on .•|i]iositf si<les ol cyliiiiluf 


each side, in which case the edge of tlie valve on either side 
can be brought ‘‘closi' in ” so as to be in line with the cylinder 
asjihown at \ in (igs. 145 and I4b. witli a reduction in portray' 
clearance of one-half. The val\ e steins will stand out as at V, 
but this can he compensated for by carry ing the cam rollers 
pivoted as shown, thereby permitting the cam shaft to be' 
aiTanged close in to the cylinder. . r 

The balance of ad\umtages can be obtained by placing the\ 
twb valves one over the otlier, both communicating with one ^ 
pocket as shown in lig. 147. Sometimes, to avoid the additional,?' 
mechanism involved, the admisaion valve is not iirovided wilii 
CiWH*Dperating gear (see tigs. 150 and 151). 'Fhe more general 
pi&6tiee is,* however, to adopt a mechanical o])eT*ating gear,': 
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flthe adiiiiHsion valve worked Ly jetiirn levevK parried in 

bracV' ts on linXiN'alvp Ix'innet a HeparaL' push rod. With 

' the overhead arranirenieiit tlie adtuission valvt* and lever has to 
flbe removed in oi'dei- to md at tlie exhairst val\(“ below ; also the 
general apyK\‘iran\*e.'s sonu^what more eompllcated . the admission 
valfe, moreover, is higher nj) than with valves arrain’^ed at- the 
sidVi. These slight disadvantages may he considered as more tlian 

('()m]>enHated for hy tlie cooling 
action of the in|^oing mixture 
on the crown of the, exhaust 
\alve, a. consideration of the 
highest iiii])ortanci‘ in a motor 
working at high ((‘inyieraiure, 
sjK'ed, and power, there is 
a not tier advantage, as with 
])t‘trol of e\'er-1ovvering grade 
th(' exhaust valve assists in the 
vap<a'isati<in of the mixture. 
Kor th(*sc reasons the combined ' 
admission and exhaust valve 
lias some advantage, the ingoing 
mixtui-e having tlu' etfect of 
keeping down the tmnperaturo 
of the eomhined admission-(‘,x- 
hanst valv(' expos(>d to cylinder 
pT’essnre. tliis advantage ayiplies 
equally also to concentric valves, 
examples of wliicli are shown 
in figs, lod to loS. hut the greatest advantage of placing the 
admission valve over tlm exhaust is in the material reduction 
of pocki't ari'a. 

Tim generally accepted practice in higli-speed motors is to 
arrange for tlie jidmission poppets to be opened mechanically, 
as with the most perfectly attuned springs and valves of the, 
maximum 'gas-way opening there is considerable drag, anil, 
conseijueiit falling otf in powei- output, owing partly to ddpl 
resistance but mostly to hack-flow. Automatic admission 
— i.e., those dependent on suction effect for their opening 
back-flow for closing-, are for tlie most jiart tittedSvith 
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compreHsion oi' oxienRion spiral sjfriiij^s foiled in parallel form ; • 
Huclr springs have the disfwlvai#tag»'*of*oppoain/ a direc^f in- . 
creasing i-aiio oT resmt-anei' to eoinpression or extension True, • 
some advantage e.an he gaiiual liy using a spring^*eoiled in conical* 
form, or, betirr still, by using 
a vwlute s^i^ing coiled from 
a ribbon of tapei’ing width 
for the I'easom tfiat springs 
of such lonii (1])^)Os<‘ a. lowei 
ratio of increasing resistance 
for a given hsigth as (be 
val\'e is being jndled 
its seab In tin* SiU(‘r- 
man, Hemiiigton and other 
ineyiods of susjHUtding I he 
a(kuissi(»n \'al\e, with the 
object of neutralising this 
telidenev as i'ai as possible 
tb-' vahe .stem, insti^ad of 
being eoniK'ett'd dire'dly to 
a s| jral or \obte spring is 
conin*cted to a small bell- 
eratdv lever in the case of 
the tirst nanu'd, the long 
arm of this lever is con- 
nected to an ext;ension spring 
in such niaiiiicr that as tin* 
valve opiuis tlieie lesults a 
decreasing rather tlian an 
increasing ratio rb’ resistance 
opposed to the lift of tin* 
valve. In the Remington 
device two hell-crank levers are used , one pair of arms of 
these levers is connected directly to the valve stem, and the 
other two arms are connected logethei' in such iRaVmer that 
the two levers can be held together so as to hold the valve oii 
itl^. aeat by one extension spring, the two bell-cranks being 
ItiTicnimed on supporting links pivoted to the valve case. The 
;|j|iHicular Sffect in the manner of the opening and closing of the 



Kio. 147 — Roiiaull. eoiulniKMi jiutoiuatio and 
cain-operatod admission valvo. 
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♦ valve in this way is Hi.inilfir,uf not i^hoitioal, io the Silverman- 
> devibvi, the vaVo‘ in IkAIi ccnse?' haviit^ oppostsl to it a lower 
' ratio of resistaiuT, \vlnf‘h can be pro])orti<)iU‘(l to prevent all 
(Chattering or vi'brating action <lnring the suction stroke of the 
motor piston. ' ^ . 

*ln the illustration tig. IdS tin' action of the Si Kerman lorm 
of'ifl 'A-vihrat’rng admission valve is clearly set out. The valve, 
V, is held up by one a’*m of ,the cranked h‘ve)“ K,^/he other arm 
being attached to an (‘xtensional spi'ing in such manner that 
during the openuig of tin* valv(\ V, it will mo\'e tlirough an arc 
equal to the two chords. (! and 1), and the versine, K lor D, is 
seen to be about twice that of A con-esjxmding to (A thus 
demonstrating the decreasing hold on the valve by tin; retaining 
spring and the reason why tli(‘ val\(‘ <'an ojien to its full extent 
witliout \ ibrating. The fault of this e.|ualising device, however, 
is the elh'ct of inertia thus preventing its a]>]>lication to hi^» 
speed motors. '■ ' 

To obtain a corresponding (‘fleet in engines ha/viiig cylinders 
of larg(‘ diametiu- th(‘ admission valves are sometimes provider 
witl. dash-pots an<l oth<‘r means tor steadying their opening 
movement, the b'lidency of valves to o.scillate when opened b} 

* suction effect or atmos})ln‘ric pressure being (‘uused by the in- 
creasing i*esistan(!(‘ ojiposed to the opening movement by tli^ 
spring, and also aggraxated, to a CiU’tain extent, by adhesior 
a of the valve on its seat, fj.specially is this the ease in oil ant 
procliieer-gas engines (HI account of the tari’y deposit, horthii 
reason, if for no other, it is ]>referable to tit a mechanically 
actuated operating geai’, which may he, and often is, utilised t( 
can§e the gas- and air-admission x aKes to close with a variabh 
period according to the load, under the control of a governor 
many moditlcations working on this principle being in use foJ 
gas engines of large powm*. ddeyy will not, howijver, be diA 
cussed here, the jirobU'in ol sp(‘ed control as applied to tb< 
various types of peti'ol, oil, and gas engines not being a subjCCi 
to be disposi'd of in a few lines. 

In the Humphries admission valve as designed for 
atroke engines of larg(‘ power the operation is controlled 
, piston which is provided with a set of mechanical ly-op^tl^lM 
pilot valves that are employed for tlie purpose of goifcmiiig ^ 
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opening and closing nioveinents lof tli^ main admission valve^ 
through fhe agency oF air pitc'HSur^, this arr«/igement#^mg 
especi^illy ap])licahle to prcssnn' adinissTon as employed in two-* 



Fio. 148 .— Arran of “ non-vibiatuiR ” automatioally-opeiated admission 
vaWe— Silveimun. 


the opening and closing nmvemeni of the admission valve to hV 
more rapid than that re(pjired for the working ot a four-stroke 
engine. 

The springs used to close exhaust valves are necessarily^, 
„ stiffer than those required for ddinission valves, as in 
;p:4ll! case the valve has to be held down on to its seat with ft: 
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- gas-tight fit by the action oh the spring during the whole ol 
the 'kd mission \droke, wlleu the* suction etlect due to throttling 
or to early closing of t]\e admission \alve may attain to any 
(tOressure up to 7'' Ihs or S lbs. per sq. in, according to the speed 
of the engine aii 1 .degree of throttling action on the supply of 
iiXjfiosive mjxture. It is for this reason that, balanced exhaust 
vaK'e have a further preponderating advantage in not being 
subject to a varying sm'tion edeet. temling to liH them ott iheii 
seats, and tines res\dl in leakage of exhaust gases lo the cylinder 
during the a<lmbjsion stro-’n; witli a corresponding diminution of 
power. 

The four-stroke (Uigine does not lend jtsell to working 
without, valves as in the cast' of two-stroke engines, the nearest 
approach to automaiie working in a ioui -stroke engine can be 
obtained by a. method of pressure-aetiiated valve mechanism 
shown in tig Idh. Here it will be seen tliat a four-strfike motor 
c.an be made without side-shaft or gear-ac,tuate<l mechanism of 
any sort, and, although not valvele.ss, is entirely automatic in 
its working. The sectional drawing illustrates a \ertieal single- 
acti.g cylhider of tin* automobile pattern, the cylinder being 
provided with a port opening as in the two-stroke type ol 
engine, hut on a smaller scale, and in this ease serves to admit 
a small projiortion of the gases under piessure at the termination 
of tlie power stroke, to flow under a piston, II, htted on the end 
• .of the exha list- \ alve stem Tlu* Aal\e as shown can thus be 
liftkl oil' its seat, the jiressure under tlu' piston being siitiieient 
to open the valve, whicli is of a smaller diameter, against the 
spring titted inside the piston used for closing the valve as 
sOoti as the motor ])iston, P. has arrived at the termination of its 
exhaust strokie when it uncovers the port, R, to the crank 
chamber, and so liberates the penned-up gases under the valve 
piston, II. In order to prevent excessive lift of the valve its 
opening piston, H, uncovers a port leading to the bye-jiass outlet, 
L, as soon as the valve is sulliciently raised oft its seat, and as 
soon as the-pressnic in tlie motor cylinder has been released the 
va^lve settles do\vn so as to close the exit to R, and remains in 
this position until the motor piston, R, releases the pressure undent 
the valve piston, 11, when it immediately closes. The 
timing of the exhau.st opening can be determined by^the lead 
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the port opening;' at H, the exceasiarea pt‘ the piston, H, bci\ig\ 
siiRioieiit t?o lil’t tin* valve and i)Necj),it*o])eii (Ayiiie the 
period’ oi* tlie exhaust. ,str*)ke uud(‘r ;Tli coii'iiiiojis of speed • 
and load. An unlinary adnii.s.sion valve, vjili sprino and^ 
detachabl(' seat is used, the mixture <‘nteriny; :/t*A in tlu' usual 
way, and yie motoi* <^xhaustine at X In oixha t<i reinovi* ^iie 



Fig. 149? — Foiii-stroki motor witli autojiutic mlmia.sion iind o\liaust valves. 

• 

exhaust valve, the inlet valv(‘ seat is taken oil and ifie e.over at 
bottom, when tln' piston, tl ean b(' easily d('iaeh(‘d from the 
valve stem 

Annular-seated and Double-^ated Admission Vaives.~*Iu 

the construction arid working of hi^h-speed motors great 
difference of opinion has (‘.xisied as to tlie relati\if‘. values of 
im automatically operated rrrm.s a mechanically or cam-opened 
admission valve. The drawback to the atmosph erica] ly opened 
spring-closed valv^ is in the restficted lift permitted, this being 
in practice^ \ ery little over one-eightli its diameter and more 
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often JesH ; in working there is an appreciable hang back or 
(lra'g,..m botli^ttlie ihoincni of p[)pning and closing/ the piston 
having to traverse snfhcieutly to eans(‘ a vac'iinin of 2 or 3 lbs 
before the valvv opens, wlnh' befois* the viil\e. can close some of 
the mixtui’c escilp('s back. 11 is in ihe attempt to combine the 
aduantages of both metliods that valves of the type shown by 
H7 hav<' b(a>n devised In this mamier tlie .alvc is per- 
mitted t-o ojjcn Indore the* liming of the cam, and to close late!' 
if the particulai sj^eed of the engine should at any time demand 
it, at the sains time, a^il during the period A'licn the motor 
piston is travelhng at its greatest velocity, the valve is pressed 
open for more than one-fourlh of its diameder, so giving more 
than double tlie o]n;ning that could be conseniently obtained by 
autonuitic unmans a loins 

Jn this e.ombiinsl automalie and cam-ojierated valve, A is 
the mixture [>iiH‘, X the exluuist pipe, \ the admission valve, T 
the exhaust \al\e, J5 tin' combusiion eliamber, P the ]»iston; g 
is a light spiing on the \alve stoni, and (1 is a stiffer spring 
which ])re.sHes against the earn S, at the end of ihe jiu.sh rod, D 
wl^ch is operated by tin* earn lever. M The valve seat, E, forms 
a guide foi the valve slmi' and a. stop for the spring, G, while 
the weaker spring, //, is Indd up lo ihe eoliai’ on the valve stem 
by a flanged guide seiewi'd inlo the push-rod (*a]), S, by this 
means the two spidngs an' inde]»eiident of one anotlier in action. 
Other variations tm tliis priuci])le of combined mechanical and 
atfuospliericatly opcmsl adnnssion \alves, limed to open and 
close independently^ of tin* cam action, so adapting themselves 
automatical!}' to the varying condition of speed and throttle 
opening of tlie motor, have Ik'cii tried, but are now for the most 
part abandoned in favoui of valves having a delinite opening 
and closing action. 

The tendency now is to dispen.se more and more with any 
automatic method with its finely adjii.sted spring, and to rely, 
altogether on the timing of the opening and closing by a cam, 
which is fornu'd to keep tin' valve open during about 200'* of 
the crank circle. This simplifies the adjiiRtment and permits 
the use of a spring strong enough always to close the valve^ 
at the precise moment determined by the cam, at all speeds (ff, 
the motor. 
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la several cases tlie extent of op^niii^ can be regulated # 
by hand tr; suit the rfujuired spied, tyid* as the (jlfiration (i£^the 


opening remains eon, slant, this ini proved* met) lod is accountable 
in a gj*(‘at measure lor Die e\en running of mobirs so arranged^ 
at (]uite slow sjieeds. / * 

> (o oblain a,u r^' ^ 4~^7"rT7^ ^^^ « 

increased ojj^ning witli th(‘ — -> e£-’^ \* k#'' 

small (iegr(*( ^ of lift per- | |s r* 

mitted iit a s^ietion-opciual 
valve tlie devicf shown in 

fig. 15(1 lias been used, in / f '7 y"y ~/ / 
this aunuho admission val\ <• k' ^ iN ^ 

an inner .scat and portwav ^ 

is ]irovided in both valve and '}\ ~ - p 

scat. In th(‘ Xapie- valvi* ^ [/"~ -- 

tin centre of t.he disc is thus b; \Jy- - K- - 

partly supported against the JAvr- JA -^ 

pressure caused by the ex \A- 

plosions by the bearing \ 

areiiud the Sbciii 'I'lie o})(‘n- X* 1 [ ypX- - p 

ilt s in tlm NtiKe proviile JflP* [" A 

ioi an iuereasisi gas- way of ^ 

about 25 per ceiil., and as 

this con.siruction permits of ^ 

an increased diameter, the Pl 

total opening obtained in B j — ' 

this way with the .small lift ^ 5 

permitted approaches to n W 

nearly doubh* that of an li»0.--Napifir annular adnuHsion a»d 

T . 1 , , . exhaust valve, s. * 

ordinary-sizcil atmospheric 

admission valve. llefiTring to the illustrations and other 
following secti(»iis, A denotes the mixture supply inlet. X the 
exhaust outlet, T the cxhainst valve, N the admission valve, 
B the combustion cluimber, and P the motor piston. The 
admission valw is held up to its seat by the springs S, the lift 
being limited by the collar on the end of the valve stem to about 


K|{. 150.--Napifir annular adnuHsion a»d 
exhaust valve, s. * 


8 millimetres , the exhaust valve, as in most engines of this type, 
is opened by a pu?(b rod, 1), direct from a cam shaft running 
alongside tl#^ crank chamber, and is usually eneased. 



242 CARBliRE'rrORS, \|AP()R 18 KRS, AND DISTRIKUTING VALVES. 

Til tlio M(^rc«nles (^evice sliown in ilo- 151 th('re‘. is m multiple 
seat 'l.nd tripll ]>()rt {)|t(‘n.uin L) (lie e\ Under, and is a inodi- 
lication on tlie lines lollowed in tin* Najiier vslve In this ease, 
however, a still' iar;4er <li.‘uneter of val\e is used, with annular 
port openings, a* in the previous example whieli tests on a seat 

with a i^iid arrni/^'eiuent 
of port opein'n^s forming; 
two eireh's i’', 'jtlaei^ of one. 
A threat meatuire df success 
has heeii obtained hy this 
fonn of \alN'' in high- 
power raetng motors, the 
larger diti meter permitted 
eiving a mueii hi'er opeii' 
mg and nspiiniig a less 
si.aisilivt' spring than would 
ohlam m a stnallei valve. 

A third method has 
been useil hy the Wolseley 
Motor (’ompan\ to obtain 
inereasial ojtening to the 
ingoing mixtuie. In large- 
power motors of this make 
t\v(), and 111 some cases 
three, inh't valves have 
been arianged in a cluster, 
their sevei'al stems being 
eonnecti'd t o open and close 
togei.her haeh valve is, 
however, to some extent 
independent of its fellows, in being capable of kta'ping gas-tight 
on its seat. In using ihi'ce smaller valves in this manner a 
larger opening can he obtained than hy oiu' ordinary valve, 
and as the sniallm- diameters )K'nnit of reduced weiglit and 
thickness, a (juicker action with less drag can he obtained. 

'lo inei't the reipiirements of a v^*ry free opmiing in engines 
of high puwer and sjx'cd the ilonhle-seai \’alve sfiown by 
tig has hemi dt-signed liy tin* wi itei According to this 

niethod, .‘ippluiahlf also foi the exhaust, tle^ \alvi'<.ind seating 



tiG. 151 .-— iiiulti|t]i-.\ .i(lims-.i<in 
yuitl exli.iUbl \ iilvcs 
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' • 
is efttirely duplicaO^fl, and na'^lil valv<» J^)aliiycjs the othjji!^ scf 
relieviiio'*i]ie pressure ou tlie*ain openi^i;- at the^nd of 

tlir vvoj'kit)^ stroke to ll.e eKliau^t, wlien^the pressure in the* 
cylinder is l’re(juently as hii;li a.s 40 ih.s. per in. This forrfl 
valve and seating is ca[)ahle of g'lvin^ tf\'if(' the, openincr of 
a Mii^e%''aJ\s‘ of oidinar\ foi'in, and is nigide in two separate 
parts stiun;' on tin* stein, M . the hottoin diije rests o#» ’* *eat 

• 

M 



Kis. l.'>2 —Butler (loul»l<‘-srat adiuihsion vulve 


forming' part of tin* eylindia- casting', and tlie upjicr (jjse fornis a 
j^as-ti^ht ht uji the scat K, mixture enters at A, and is admitted 
above and below the \a,lve alon^ the U-shaped passn^a\ A. The 
cover, R, which encloses the retainiiij^ sprine', ( J, is not exposed 
to tlie pressure of the explosions. To remove the x alve ipiickly 
for examination, the seat, E, is taken out, carryino- tlu* valve with 
it in one piece, the \'alve can be inspected bj" rt?inoving the 
cover, R. The advantage of a douhle-seated balanced action 
poppet, in addition to ic'diiced friction on tlie cam mechanism 
when used for the (‘xhaust, is due to I ho mucli j^o eatei’ openine' 
tlian can b^, obtained by an ordinary mcidianieally-opcned valve. 
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fii used fQr au^><)«nubilo'>|)iirpoHes wliore \'e]y high speeds 

ire usld, any di\iiiui(,lou^ )f •iH)isef> W(iar, and rattle caiist'd by the 
ralves and operntin^ meehaniain Is of ;is much importance as 
“he ])iglier [)ow(‘[- eificieney o))taim‘d, so llie sliglitly increased 
.a)st of consti’uct.i6n«)f (his form of val\e must be discounted to 
i laf'ge rxteni . > " ^ , 

^^.entri(i apd Combined Valves, -In explosion (uigines 
)f tile horizontal elnsK wheHiei' using gas, oil, or. ^letrul, it is 
usual always to determine (be extent and duration of the 
opening of the 'admis.sioi'i in a similar maniuT ;is with the 
jxhaust \alv(*, tho additional nu'chanism i(M|uired for this 
^jurpose being of tittle eonstsjuene.e when once a side shaft and 
,i'earing is provided In vm'tical engines, lioweviux mecbanieaily- 
iperab'd valva^sin some designs entail iJie use of a second cam 
diaft Such (Uigita'S may have a well-balanced a])pi‘aranee, hut 
ire exti‘a\'agant in the u.se of gearing, and rtspure a. lamibustion 
diamber extemling am'oss both sides of (he e\ linder, as shown 
n fig. 1-ho, and thus widely de})ait from the spluu'ieal form, 
giving least cooling surfnct'. Thus it will be semi iJiat designs 
)f duinbined admission and exhaust valves as illustrated liy 
igs. Jhlt to 151) ])ermit. of a more eorr(ictl\ formed combustion 
diamlier than can be obtained with tin' admission valves on 
me side and the exhaust \al\es on (be opposite side or 
■)oth on on(‘ siihx whether sujierposed or L head fashion, and 
lave the farther impoitant advantage of preserving a cooler 
;einperatur(‘ in tlie (exhaust valve, ly nxxson of the ingoing cool 
nixture impinging direct on to the highly heated valvij, thus 
sending greatly towards longer life and freedom from scaling. 
The* drawback, however, to superpos(;d and over-cylinder valve 
lisposition is the. necessity for the operating lever to iixtend 
)ver the toji of the cylinder, but it is nevertbeh'ss most widely 
ised for vertical oil and gas engiinis of liigh power. The 
no.st perfectly formed explosion chamlier is found in engines 
laving either one combined admission and exhaust valve, as 
diown by fi^s. 154, 155, 157, or 1.58, or with independent inlet 
ind outlet valves, both titted in tbe cylinder head. 

Efficient c.ouling of the exhaust valvt^ ha^ indirectly been 
•esponsihh* for moii' variations and diHenuiees in design of 
/alve arrangement than any other cause, and has restilted in the 
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invention of quite a lar^e jiuinllcn' of ^fa^nbiiterL acini issioi^aneil 
exhaust valva's Tn tJins ('xpl^sino* ot^ly one. ^lv(‘ in jflace of 
two tfiere is l<*ss lossiioni v’alve leakage, nipreovi'r, in ail single- 
valve designs tin* c<)()i nnxfun' eoines into dif-eet eontaid wiiii 
f'tie valve and seat, the valvc' ex})ose(l to tlf(.* 4‘X]>]()sive mixture 
nn(jeV'ec*h*d)nstion being tlius maintained at^a lower temperature 



Fu!. LuiicliPstfi sU)i;li‘ valve willi doiiltle-seatwl ailmissioii (Uid • 

exliaiist (‘.(Ultiol. ^ 


than is possible in the ordinary way Jiy this arrangement it 
has been possible to lun succixssfully air-cooled motors of con- 
siderable powei-,- e.c/., the Ijanehester automobile motor, in which 
a single-pressure valve, as illustrated by tig 158, has been suc- 
cessfully use<l. This is really n combination of twb vah»es, one 
exposc‘d to the cylinder, V,aud om^ double-seat(‘d valve, T, which 
is caused to close' either against {.he admission iidet, A, or outlet, 
X, the pressure valve, V, remaining opcm during both admission 
and exhaust strokes of the motor piston. In this manner the 
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inivtivvt‘ r-vif;riii” A wlien llu* valve, T, is closed 
to X V)v ill'' tA'|)pe,t lr\j‘r,* K, ll'ows ii|) ])asi tlir exhaiiHi and 
*expiosioTi-lu‘at<'{l valve V and s(*a( wlien ojann'd Ly ilie lever, M. 

Aiiotlier foi'jj^ o! eombiiu'd inhd. and outlet- val\e is shown 
in tiu's 151, ir)4rv,«and 15411 (H‘ ihesi* the Selbacli valve,. ’s 


rather an intei-estn^a design, and e 





Fio, 154 -Selluch conibiiicl admission 
o.yhaust valve, sliowii in poadion for 
f nustirif;. 


onsists oi a pn'sswei [) 0 ]>pet, 

\', wbieli seais^oas-iioht in 
the eylindei- ‘iiead. There 
is in this ^ eombinaiion a 
controlling’ slei'vc, N ,, which 
IS open t<» tlu' mixture 
snppl} at A at oni* end 
and wlien t he })opp(4- \\ is 
siitlicicntly depressed by 
tin- lex er M , the sleeve, j\, 

IS pn'ssial doxvn to the seat, 

T t hns elosin^j; the exhaust 
outlet to X and by a 
i'urther do])r(‘ssion t he ])op- 
[H't, is ])ushed off the 
seat at the loxvei end of » 
the conirollino sleeve, M, 
thus puttint^ the cylinder 
into communication with 
tlie HUpi'ly pi])e at A. In 
workina, of course, the 
1 poppi't is til St di'pressed to 
* tile ]K)sition for the exhaust 
stroke of the motor piston, 


and is then further depressed so as to o])en eommunication for 
the next eharg’e of cool mixture following on tlie induction stroke 
of the ])iston, as shown in ti_o. I 54a 'Du' pojipet, \' , (irst contacts 
with the end of the sleeve, N, on its return, and, continuing;, carries 
the sleeve up until it closes ae;ainst its seat in the cylinder head. 
It will be seen that the poppet thus has a hi^h lift, and, al- 
though maintained comparatively cool by tln‘ ingoing mixture, 
the hammering action, due to the excessive lift, results in a clatter- 
ing effect, which nullities any advantage due to the use of a single 
cam and lever and improved form of comhustion chaiViber. 
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In tlu' S('l})af)i tlun’c .‘iir lln<>f seats ait-noethei^a*^ 

well as a'slidin;; III (»t‘ thr iyid^of the ^.eeve, S.^nnieh 

Hej)ai‘a‘Les llu; ('xlianst p.asa^c I'roin ili<' iJiLslurr iiiiako at A.i 
Tl’ieiHi are also two sj>(mi.’s one, (i used to hoj^l tlu* ])o})[)et, 
U^to tile (Mid of tile sleeve S, uidess de|yei^S(*d by tlie cam 
levt;f, e()iis('([iiiMitJ.\ from a of xieW* of ec()iioiny in 

construct lorr it has more ]iarts than the oi-riinarj ariam'M’ ’•Mit 
of sopaiatt* ^R,dml^,sion and exiianst popjiets. l*i Its favour 
liowevei* may lie nuMitionod neatness of desivu, Avith only on(‘ 
seat (‘\j)os('d tiT tlie luMit and jii-essiwe of the* explosions. In 



Fifts, 151a and 1 5ii'-. — ►^t'f-'Uoiial vi('W,s u( Svlbarli \alve shown in wnh'-ojien position 
I'or admission, ami closed as tor tlio c-miprossion ami conilniRtmii stiokes 

• 

addition it. may he furtlier stati'd that tliere is a cooliii^r action 
(jiven to the [lojipet, V, hy tlie in^oin^^ cool mixtni'e down 
the sliding sleeve, S, wliicli should tend to counteract to !*ome 
extent the ill~ettects of the high lift necesHury. • 

Anotlier form of valve designed for liigli-spet'd automobile 
motors is sliowii in tig. lo5. In this example there are two 
poppets, ojie of vv}ii(di is liolh^w and eontalns a s(a*ond poppet, 
the outer being generally used for tin* exhaust and the inner 
for the admission of the mixture. In the Parsons pf^trohparaffin 
launch motor this order is reversed, t lu* outer poppet being used 
for the admission of mixture, and is utilised in some cases 
together with it?# chamber as h vaporiser, tlie symay and air 
being circ«lated around the beat'sl wall of tlu* hollow poppet, 
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is maintained at«a lii^ji temperature by tlie passage of 
the^iii't exliaXi gases /.dqwn iAs eentre, and has In^en found 
'capable of permilting iiie us- of parathi] od in motors so' fitted 
V;fter they liavag been lirst thoroughly warmed up by petrol. 
Indeed, in a form .closely re.sembling the illustration, a hqri- 


zonfdl engine was built some 



Fio. 165 .— CombiiH'd admis-sioii and 
hftfist hollow valve — E' (H p ville, Pars 
anil others. i 


y'ears ago in whicli a ^e''',rioined 
admission-exhaust' and vapor- 
iser valve was vsbd, this ar- 
rangement having been devised 
l)y dames Virtue, jirirnarily 
with the view of being able 
to use dash-proof oils satis- 
factorily , the oil spra}^ feed 
was pumped into the hollow 
stem of the exhaust poppet, 
which was made very long in 
Older to thoroughly vaporise 
the mixture. In this instance 
the inner admission popjiet was 
lield tlown by a tension spring 
and opemal by suction In the 
Kqueville ring or eoncentric 
combined admission and ex- 
haust valve this method was 
also used, tlu; com hi nation of a 
])air of popy)ets, the outer serv- 
ing as tlie seat for tlie inner, 
being devised more for the 
purpose of preventing the ex- 
liaust poppet from getting 


overheated, than for any other reason. 

In the Loutsey design both poppets, as sliown in tig. 156, 
are mechanically opened, the outer ring fitted in the cylinder 
head being of maximum diameter Although at the first glance 
it might appear that this arrangement exposes only one Beat 
to the cylinder pressure, in reality there are two seats under 
pressui’e, and with the exce])tion of the advantage due to 
cooling action of the ingoing mixture, there can be but little 
m its favour except in tlie use of an imjiroved for.n of com- 
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biiatioH chixinber, and in atl‘or(l’|ng a .inucli |;Teater 
optmin^, Vbicli in iTn])oi lant f^'V ^speeds. 
pra(*,ti^(‘ tills (‘(inibinatioi poniiitsi <d liic ])OSHibilit\ of using! 
heavier grades of petrol and <‘ven })aiatlin, jil innst not tie 
C^ipared siinjily from tlie point of view oj. ^ui* admission ana 
exl^ja'u kii'alve. * • 



'^Iliese t\^o designs are really very similai^, the fatter ditf^'iing 
principall}'’*]^ having three stems^as 
against * two ‘ and in being pl.acisl 
direct[y over tfie cyhnd(*r as againsl* 
the side Tim woist featuri' of iTe 
inverted design dig. 15(1) is the 
elongated eylinder head, which must 
b(‘ taken oil' for access to ta'lher 
valve, it, howo_ot‘r atlbrds more than 
double tilt' gas-way than is possible 
with a [laii of admission exhaust 
valves, or even with four valves, ami 
without increasing th(' lift. Refeiiing 
t ‘ the illustration mixtui'e enteis 
A and d^'wm the hollow' ring 
po}jnet, N, which is first tlepressed 
b> levers pi-essing on tlu' twin rods, 

1), during the exhaust stroke, im- 
mediately following the closing of 
the outer valve tlm central poppet, \', 
is depressed by the stem, If for th(‘ 
admission of the i-harge. There is 
thus nothing abnormal in the operat 
ing of the two valves, each w'orking 
independently of the other. The fault in tliis well-thought-out 
design is the great w eight of the outer popjiet, as this in common 
with the eoncoutric design showm in tig. Iho clearly has not 
only to carry a hollow piston or sleeve extension, but^ the 
admission poppet as well. The Parsons design i» lighter, and 
also lends itself in an inverted position as a cylinder-liead 
combined admission and exhaust valve. Refei'ring to the 
illustration (tig.* 155), A is the intake for ex])losive mixture, 
N the admission popjiet, B the combustion chamber, T the 



Fid. — Ari'angenieiit of con- 

t'eiitnc (‘(ttiiluiiatiou valve in 
oylindn head (dv admiflsioii 
ajid Hxlianst— LuntseJ. 
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exhflUKi, |) 0 ]'>|>et ami CJ anfl M Uie two piiHli rods used 
foi iii^Y'liauicaKji’* raisit)^ Itptli popja't.M fioin thoii- soals ii-ido- 
»/pendeiitly of suction , tin* rod M, as sliowu, laisos ))oth together 
^or the exhaust, !,'n<r on the admission stroke tin* hollow poppet 
is closed hy tlte Jarger of tin*, two springs, the inner poppet 
being held U]) liy the rod (1. NeiUier poppet is re(|uiie^btrr nave 

more tlian tlui ouiinary lift, 
and (;xcept fhr j^he necessity 
(d' r(M|uiring a Idee sl'iding lit 
to the sha-ve e^ttension in the 
b('aring between the intake 
chamber and exhaust outlet, 
which consetjuently must be 
gas tight, ther(‘ ap})ears to be 
no I'cason to previmt this foi’in 
of combiiH'd admission and 
(‘xluiust vaKe from working 
satisfactorily, 

The Wi'atherhog design, 
tig 157, is an early form of 
combined admission and ex- 
haust valve wdth a ssliding 
slee\e and singki conti-ol, 
whicii has been used exten- 
sively in small industrial 
gas engines This consists 
Fig. 157.— CoiuhiiK'd adausaioi] anr] exhaust pnncipalh of a poppet valve 
valvi', with controlling sleeve on stem—- ' f. ' f j • 

AVeatherhog and others o‘ ordinary construction pro- 

4 . vided with a ported sleeve 

keyed to it's stem, wbicb serves to put the popjiet into com- 
munication first with the exhaust outlet at the first stage of 
lift, when the valve is raised still higher oft its seat, and in this 
way carries the sleeve with it, thus closing the ports leading 
to the exhaust and opening communication thereby with the 
mixture sup,))ly. In the illustration the piston is shown open 
to the exhaust, X, hy the ports, T, which permit a free passage 
for the exhaust ga,ses past the poppet, V, and openings, T, to 
the exhaust outlet, X. At the termination of Tae exhaust stroke 
both poppet and sleeve arc given a further lift to th'fi position 
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shown ill (Initcil liiii's, wlion thr 'P, uill^ht- closerhj^if 

flu; hoUoin df tin' sl(*(‘ve 1*1 jscd.so^as io op^o up tlu^ports 
N, to ‘the po])pot, \' 'riu mixtun; .su{>piy thou is livi' to Plow 
up Ihrou^^h tlie slecvr to ilie c-oiuliiistion cTiai^ihur, IJ. With ^ 
nation valvr (A' tliis design providial jji^* sleeve is a gas- 
tigUt n^»n its cylindiieal seal, E, an eni^ine of STiiall sizeVan 
be ^Yorked Vatislnetorily 'Phe tendcuiey is, homwer, ^he 
seat, E, end* tilecvi* tu j^'et too liot Jor a Jilidinj^- lit* being ini- 
poHslbli- t(» efliinently watriyjaekel tlie working parts, and as 
a resiill tii ‘ tft soon wears slack •and allows sueli leakage 
bet\veen tlie intake and exhaust as to considerably reduct' 
the power of the engiiu' and t,o cause such back-tiring under 
certain condititins as to pievenl iurther working until the engine 
is I'elitted with a le w sleevt' to tlie ]>orted lintu’, E. The poppet 
also r*"‘(}inrt'S a very higli lift and works soinewdiat in the 
nianijtu of the valve pi'evioiisly descnlied and illustrated by 
tig IhA, blit in (his case there is only one seat^ to the poppet, 
and the tit of lie sliding eylindrieal ported sleeve, E, is relied on 
ti intei’cejit leakage of hot gases from the o])enings, T to the 
tl ) V of gas mixtun' ui the charging stroke of the engine.* For 
Aeiy small eylinder.s witli a separate' cut-out on tlie gas supply 
this foi m of valve has been found to work fairly \vell on reduced 
loads wlu'ii cooling ehargi'S of air can be taken in at intervals 
bft,Wi‘(‘n ihe ex})h>sions. 

Obviously a concentric valve is not a singh‘-seat valve, but' 
rather a double valve, both .s^aits being exjiused to cylmder 
pressure, and t'ach poppet arrangc'd for indi'pendent control. 
The outer pop[)et is provided with a sleeve titted with rings so 
as to form a gas-tight tit betvvi'cn the induction cliambef and 
the exhaust. All tlu' moving parts of the exliau.st jioppet can 
be surrounded by a water- jacketed space, and this valve, in 
addition t(j being of an exceptional diameter, is further cooled by 
admission of ilie, cool mixture down its centre, and thus presents 
a practical method for preventing ovei luxating in an engine of 
high power wliere water-cooling of the exhaust viulve would be 
inexpedient. In eonneidion with \'al\('s of this type it is obvious 
that the functions of tlie inner and outer pi)[)pets may be reversed, 
the ceiiti'al popiif't being ns(‘d lor tlie exliaust, and tiie annular 
outer poi^iet of largei- area for tin admission of the charge. 
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/ a(ioptiii^‘ U^e revp.rsed fuiictiuiiiMi; of the inner and outer 

[K)|^)ej-s niueli eain|f()n*e is r(‘(juire<i to npf'n iJiV (‘xliaiist 
*1 pojipet a»^ainKt tlie l.erntinal pn‘Hsiif<‘ nl‘ tlu- cylindei <r}is('s . on 
t^.he oilier hand, tlic'exliaust popped, hein^ within tln‘ .‘idnii.ssioii 
poppet, would iio< |,)e watei’-eooled, altlioiii;;li its seat woukl^Juive 
the 'ud vantage of the cooling cllect of the ingoing nu’rrjare all 
aro^n^ it. d^Iiere is also another as^ieet to tliis (Hiest'ion of which 
poppet ?o use' for the exhaust: if the outer ()]jcns' first for the 
exhaust stroke, it carries tlie admission with itf this poppet, 
therefore, on tl>e inductien stroke of the niotoi will siiiipl}^ 
have to be I'etained in its opcui position while the outer poppet 
closes. If, }>(‘>' contra, the inner poppet is o])ened tiist, it will 
have to be closed against its seat in the outei po^ipet before 
this is opened for the imluction stroke, or tlu^ result will 
be that for a time both will be open togethei. There would 
also be the possibility nf tin' two pop})ets moving in opposite 
directions, and clashing with unnecessary force A concentric ring 
or annular valve, with the outer jioppcd. controlling the exhaust, 
will be found to have the advantage not only of resting on a 
wate"-cooled seat, but of liaving ipiitc half the, suilace exposisl to 
the heat of combustion occupied b}^ the inner admission poppet, 

' which, owing to the cooling action of the mixture supjily, never 
gives trouble from overheating. 

With valves arranged for the combined functions of admission 
b and exhaust there is yet another point for consideration, which 
is — in common with all motors having the inlets placed over the 
exhaust--the tendency to attenuate the ingoing mixture, and in 
conse(.|uence to nduce the weight of the explosive charge which 
can 'be drawn into the cylinder dining the induction stroke, a 
cause that results in much loss of power in many motors when 
at all overheated. Tn large stationary gas engines of the vertical 
and horizontal typ(*s. where the practice is almost invariably to 
place the inlet over the exhaust, this tendency can be minimised 
by water-cooling of the exhaust valve, consecjuently the advan- 
tages which tiare found to result from this disposition cannot be 
compared on (juite parallel lines with a motor in which the in- 
going mixture is caused to impinge on an exhaust valve which 
is not water-cooled ; this consideration, therefore, is an argument 
in favour of a motor with separate valvi* pockets and Camshafts, 
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or for locating tlio valves in tlje cylijidf*!’ hea^, unless 
feasible nibthod caii be applied jjor pyvintiiii^ exhaust, valve 
from a'C(juiriii^' m, hi^h temperature, . i 

’A very H^lit coustrmd-ion of coneentrLe* (•o^]ibina,ti(»n valv^ 
w:tli exhaust control on thtM)utBide is shown injij. 1 ofS, arrami^ed 
o\hi; ti.'iiBiyliiKler head of an air-c.ooled aero inoCor, eonsistinj of 



Fin. 158.— -Combjneil adiiiissioii hikI exhaust, valve loi an -('Oftleii aeui mntor. 

four cylinders arranged diagonal fashion to drive on to a double- 
throw crank shaft, this being a eonstriietion that has the advantage 
over the single line N ertieal form of motor on account of its reduced 
length. Heferring lo the figure, it will he seen tfMit a poppet 
valve, V, is guiihsl within and seated on the end of a sleeve 
poppet, iL which seats on to the fixed casing, t As in the 
preceding examples, both poppets are opmied togefber by the 
simultaneowH action of two cam-actuated rods, and levers, v' 
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, for exhaust,, whic^h, as sliown by Uie arrows, escapes 

by th|^ pipe, .r ^ At tlu‘ fltu] of the exliaust sl.roke of the pi'Ston, 
« />, the exhiiusl sleex r pop])e,t n , is closed tbe pujipid r, beiii^ 
,held open untilj t.lic termiimtioii of (he succeeding induction 
8 tr(,)ke for (he ad;n\Hsion of cxplosne luixturc fr<nn iJie inlet, tn. 
Thus type of vrdvie ns cxplaiinsl, is innri* (*on‘e(‘t ly cluii^dTrised 
as%a double valve fiinn n combined \al\c. there beiiig two seats. 

, . . 7 

it, however, has the f^dvantage of afiording a. gpeirtci' gas-way 
area than can be obtained bytx\o or even threi' separate ])0ppet8 
when arranged hi the cyUnder lu'ud side b\ suh' In this motor 
the cylinders aic cooleti by aii circulabcil by a fan thiougli the 
jacket^ space, /, tlu' four <‘ybmlcrs being so dis])os(‘d thnt nil 
the valves can be eoii\ eniently operated fiom om^ cam shalt. 
Another point, in this design is the large gas-way ares ailbrih'd 
by the inner ])0])pei this being lu'arly (M(ual to that of the 
outer, which is im})orlant in motors re« pored to run at a very 
high sjioed. 
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REVOLVING AND RECIPROCATING SLEEVE, LINER, 
PLUG AND PISTON VALVES FOR HIGH-SPEED 
MOTORS ' 

It v'lll hii\ hreii m tho chapters lliat tlie 

)''j.Joriiy oi‘ ilu! xiilvr.s ^Irxisrd lor Hk^ niiproNf'd working of 
iiiteriifi! coiiikuhi ion ♦•ngincs mav hi' olassiliod as lilt or poppet 
valvi's in \anoi]!- lornis and (‘(iinhinations and tliat onr feature 
in iliiiii workiiin is partieiilarl) disl niguishahle \ i/.. tlicir 
(rnire deprndenee on sprniii action for closing It may 
i i‘ be slated here lh,d this drawback, more llniii any other 
incident in ilu'ir working, has ln'en liie resjiotisihle, cause of 
many of the nnproveimmts in \alve distribution, IniA’ing for 
their anil the di'S'clopinent ol some form of valvi' liaxing an 
entirt'ly positive action 

Revolving Plug Valves.- 'Idie first attempt m tins direrftion 
was made by tin' writeit who litted a two-cylindi'r double-acting 
petrol motor for a small tri-car made in 1<S(S7-SS with rotary 
balanced -action admission-cxliaust \al\es. and later titt^.d a 
valve of similai construction to tlie motor of a simfll car made 
in 181)S. Tliis valve, shown in fig. lob, will be seen to closely 
follow othi'r rotary valves designed by the writi-r for gas and 
oil engines, described in (diapter IX , hiit it is interesting in being 
the only really successful rotary \al\c ajijilied to a road-car 
motor, Tliis valve is still in existence, and show^ little signs 
of wear after being in use for nearly- seven years, during which 
period the car reijuired to be fitted with an imtirely new set of 
speed-gear wheel# and t wo set.s\>f tyre The illustrations are 

' hei^riHliK'eil in [>;irl frnin arlicle'^ puliliplnjil ni Motor Tnirttoti 

2r»6 
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self-explanatory and dimeusionec^ Thft |valv^, rathenj^O' 
liner, r, is wator-ciooled . botli v»lve aijd| liner a«e of hard^ cas^- 
irou, and, after once j^round tn iit, rtMjuire np further attention,'* 
as endways wear (Mpialling about one- sixteenth an inch for a*, 
yaf^of 200 hours' j unning lime maijitains the* pressure surface 
bright tWW smootli. Wear and expansion are^iutomatically com- 
pensated for* llie^ vaKe being lield up to its spat^)y a ^uii^er 
open at the *l/i^’gei- t-nd to tlu^ eomUistion^chamber. The valve 
was dri\e,i) by^a (‘liain-and^sprockct wdieel from the half- , 
speed iliafi [)reviously ust'd to opc^faie an fxhaust popj)et 
valve. Tlie \ aiv(i, whicli nooh es one turn fur four ]'e\'()lutions 


of the engiiK' shaft lias a la[)e)- ()f 1 in Jl,aiid diiplic/ite inlet 
and outlet ports, s- and ,r, which register with a pair of slots, t, 
cut in the liner at (*aeli Italf-iuni. ddie driving end is supported 
by a parallel e\t<ae.i(>n an<l provided witli an index disc for 


setting the valv(' t,o a mark on tiie Hxed disc,, when a mark 


on the llywlieel is turned round to its pointer, thus tlie valve 
can ];o aecurately set witli the minimum of trouble, in fact the 


yab’e can be taken out and replaee.d well within four minutes, 
no( ‘hat this is much of an advantage, as very little carbolflsed 
oil is louud to eoileet on th(‘ port I'dges 'The liner is thick, 
find thus eapahle of maintaining its true curvature against 
unequal pressure of tlie bore in lln' combustion chamber, this 


is important. 


Idle valve, as cNplanied in Cdiapter IX., can be applied^ to 
:jonti*ol both the admis.sion and exhaust of two cylinders, as 
diown in ligs. I.'lo and 1 59 a Kor tliis 'purpose there should 
oe two pairs of poriways, as <iH,ca.st to coincidi' cither with 


/Wo pairs of slots cut in a liner, as at H, or to opep into^he 
^alve seat and Ix' trimmed ,so as to b(‘ accurately spaced amj 
)f equal width. As sliuwn, the valve is driven by a central 
‘Iroin a worm-wlieel gearing^ on to a worm of large 
tiameter, and keyed on a disc turned on the engine shaft 
aitiw^y between tlie two cranks : this makes a very neat and 
direct drive, and can be ap])liod to a vertical engine. ^ 

; Jn applying this form of rotary valvi'. to control the distri-. 
lUtjjMl of admission and exhaust.* for two cylinders it is reafly 
ppr to dispense' with the liner, as ther/‘ is a, tendency for 

ithder })re.ssnre in one ])air of ports to leak acr 08 $ y'i 




b^'ad the liV en to t/ie otlieiy pair of ports not under preaaure, 
even l. hen the liner haajlje? n inf.de a taper fit and ground in ;,tli^ 
reason for Uiis is ihe distortion that takes place in the ported 
‘cylinder heads, itnd is not to he wondered at. However, it is not 
difficult to slot the r^nds of tin* portways so that these shajl lie 
eemidistant. (.)n apanging the valve lor a vertical en^ie,,it is 
bmter do ha''^e it, horizontal betwecui the two pairs" of portw'ays, 
than in a vertical ponition /it the side, this, the:i\,^adds to the 
necessary gearing for ihe drive. Obviously, the valve must be 



Fi< . Ci'oss-section sliownitj; liatinc<‘il-aotion culiuissioii-i-vhaust valve 

to a (loulile cylimlcr li(ni/<inlal, f) in. 0 in., car motor. 


absolutely free to move endways . thus the driving wheel must' 
be mounted on a sleeve extension of the valve-stem cover. It 
must not be understood that the valve will not work satisfactorily , 
in a vertical position, but simply that it is bj^tter balanced and ' 
more acce.ssible in a horizontal position; this position also , 

itself for a liettei disposition of the two pairs of portwayS. . , ? 

The fault of the valve is tlie care required in fitting; alsd," 
being entirely different from accepted practiei'., there is copidbr’ih 
able prejudice evinced both by users and re]jairers. Then, agaiu, ' 
the cylinder head is somewhat intricate, and must be cast iif 
piece; the valv e seat must he accurately bored to the exact 
ai\d does not lend itself to Ihc' simpli; method applies 
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•seats, liiially, both valve ajid Hegbt nmwt^be Ijai/ 
well gi'ounri iii. Tlius, althoiij^j taUiuJ the pla#e of four foppets, 
as well as aft'ordino- lai'-ie and aeeuvately ^tiiucd port opening'! 
and smooth rmmiiig, and this (jiiit<i indepeiid(y:it of speed, tjjis 
> form of \alvc has made, lait little •Ij^adway with- high- 

spatd iffotors. Idie most notable adaptation is the Itala fBtary 
• \alve, for Vlii^h ntuch has been elaimed . ^thiS, arrijngeS to 
control th(*;i«lmissioii and exhaust* to a pair of cylinders, is very 
similar in forn^ to the vahe desci ibed, being balanced and doubl^ 
ported , it, however, diftiu's in detail, •and is in |jart water-cooled. 
Besides this, there have been a niiinher of lotary valves of one 
kind and another, mostly with parallel sides or cylindrical, 
uiibalanced and single ported, hut none of these have survived 
a seasons weai'. 

Revolving Cylinder and Piston Valves. -~(.)ue essential for 
success in a I'otaiy valve is that it shall he tapered, and free to 
adapt itself foi wear and varying expansion , thus it will be seen 
that no form of parallel rotary \al\e can he a success; it is 
.npossible to make such a. valve g\is-tight, for tlie all-sufficient 
'■ ison that surfat'A' packing ke\s are impraeticahle . they fiiiinot 
be held up against e.\ linder pressure 'I'lie only other rotary 
valve that has hi'cii made to work is (h'owdeii’s combined 
1 “ volving cylinder and valve shown in lig IhO. In this motor, 
designed for a launch, the valve constitutes a tapered extension 
of the cylinder, r. this .eonseijucntly revolves with it. ^ The 
c^'lindei is rotated one turn to four I’evolutioijs of the engine 
shaft hy a \v(a-iu-\vheel gear /a c, the cylinder, c, valve, c, and 
driving wheel, ///, are held up by a hall-hearing race,!/. The 
reaction pressure against the cylinder head is taken up Ijy the 
adjustable ball-race, //. There ai-e thus seen to he one or two 
problems in this design that leipiire some careful thinking outj. 
However, credit is due to the invehhir in having mastered boih 
the pressure and the expansion difficulty, the solution of which 
■h^ been material 1}' assisted by a copious ciVculation of .water 
Up through the jack(d from u’ to m, and lubrication ol^ both ends o£ 
the cylinder at / /. In practice it has been found that owing to 
the valve and seat l)eiug so vnuipletely water-cooled there is. 
. very little ditlerential expansion, so that having 0006 

i'^bURd-iif the valve to its seat and adjusted the height of th0 
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(•yliiider by tbtj thl’U^ 
beariiij^, to allow a 
froc ruiiniog tit, tho 
1'iio‘iiiL: <‘UH be atart^xi ' 
u{). Any l<'aka^'e 
1 , 1 * at oiK'u ffe'L-n A)y 
biibblys I'scapiii^ with 
tin* circuhb'ting- water. ■ 
;,n<l in an c‘xperi- 
nu'ntal motor of aiiuill 
Hizr that has been 
run niulcr varying 
(•onditions leakage of 
water into tin' eyliu- 
,lrr IS entirely pre- 
vrmted by the oil him 
on tJie \alve seat. 
1’he principal objec^ 
tion to utilising the 
cyliiidm' in this man- 
ner IS tlie bead bear- 
ing, which has to 
i-esist the full pres- 
Hurr on the piston, le.stt 
inertia and weight of 
cylinder, thi'feisaTso 
tin' ignition, but thi« 
pniblein has been 
solved by arranging 
> for the igniter to tiro 
the charge through 
ports, and is fot 
])nrpose fitted in 
outer casing to CCH% 
cide with the cyli^i 
por-ts at the end of th^ 

I eonipression 

leo.-— OTOHs-M'ciHtnal ,-lovaiit)ii aihl plyi 'U'Ws <'f Although 

. oyHHider of Ouwdcn juitiol u»„i,oi A\itli m*vo mii}): ^ionslv so* , 
cylinfter val' 0 " 





jd^&igned fco be effected ))V » combified val^e and rei^olTOg 
<^Hnder, Bhown in ffpj. I(>1 , Ijiif* in iliis^deBign the iuv'<Silttdf 


gone a long way 
,^.,>‘(iuntl to cut on I 
■a 4iran*niH,sion gear, 
• (|uite regardless of 
tfie e.xjira ftost and 
in echan i cal d i ty e u 1 t.i es 
involved. Itis, liow- 
ever. an indication of 
enterpris(' and an ex 
ample of ingennitv 
and of wdiat (‘an ))e 
done, and is tli(,refor(‘ 
not udtiiout some in- 
terest. IhdVrring to 
the illu'^trations, it 
^ be S('e'> that tin' 
;ton, }> is annnlui, 
and surrounds the 
water -jacketed re- 
volving cylinder, r. 
HoWy motion is com- 
» municated to tin*, cyl- 
inder by the sliding 
ae.tion of tin; piston 
by means of grooves, 
on the onb'r wall 
of the cylinder ami 



T, on tin' outer Fm. 161.— SocUonal t'li'vatKni <if Talker’s 
wall V of the Tliston sliowmi^ cnnilunwl cylindtH- and valvfi r6tated*by\ 

; 111 ^ ^ cams PTiqa^'iii^ with .in outoi slt'prp on tho pia|(jad 

cylinder head is - ? 

"by a ball-race, />, on the top of the outer casing, 
there' are also grooves, c, to prevent the piStou twistili^ 
crank rod. J fistribution is effected in the usual 
’^’;‘,port, i, in the cylindei; head, which registei-s dttfilJ^ 
j with o^>enings, s x, in the outer casing. The 

feature of this design is the spring, n, for ensut|& 
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‘ii HtM)(>i\\ eeli 'ilio cyliiulei- and (-asin^, which is' the 

fault (*>i all c/'lirMh'V ^hin'i and sloev(‘ valve distri- 

Dutions, due to uncvjiial oxpjtnsion wrar ajul l<> the difficulty 
(5f fitting adtMjua^e ])acking to [)r(‘vent l(‘akage ot* pressure gas 
duriiig the coniprfisf.ioir and working strokes. I’.efore proce^* 

mg to descri m some 
1fl/ melliods^, tliat I la VC been 
d(!vised to'- correct this 
fault, it xyill be appropri- 
at(; to bring to notice the 
I >aw son r(^votving piston 
distribution, which msy 
b(‘ accepted as the pre~ 
kaj(‘ to all suhse<juent 
ada])tations of the re- 
\'ol\ing ])rineiple . from 
this it will be seen 
ibat- the difficulties of 
obtaining a. reallt ]>rac- 
f.i(*al distribution by 
<‘aaising tlu^ motor piston 
to revolvi' an* (juite as 
great a,s with a revolv- 
ing ey I indt‘r [n the ex- 
ample show'll in fig. 162, 
for instance, the piston 
wois proN'ided wdth a 
cylindrical extension: P, 
of a length exceeding 
the stroke phis width pf - 
j)ort. the piston, which 

was rotated at half the speed of the crank shaft, M, by the rod, 
and! gearing, (1, was fitted with a V shaped double port \Vay, V,, 
which registers w ith tlic outlet T, during the upstroke, and 
the inlet, Nrduring the followdiig dowmstroke. A 'fixed 
cover,, K, serves to reduce the space over the working pipi^iy 
. to the limit reipiired for the desired degree of comprcs^iOli^ 
The drawback, however, to the revolving piston is the 
of at*ranging a durable mechanism connecting tiie {listen , 3 ^ 
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with the crank, to which may ^ be iljc ^l]*aud-^^^e^ 

at^^achment to the pistm:, tlietexj)^{M| of this^construcyon tar 
exceeding the advantage., gained^ * ♦ 

Obviously there are great diftic.ulties opposed to the succes^- 
tul working of a combined rotating and j-efipi'otiating pistorg 
especially wluMi reipiired to 


run at higH Hjjeeds . while tb»^ 
enorniOLis ^alcifon set up by 
the rotative action, and tln^ 
difficulty of k(!eping tljc piston 
gas-tight, make it very inn 
probable that this method will 
come into any considerable use. 

Revolving Liner Valves. — 
A method on parallel lines <o 
the sleeve-extended ix'volviiig 
piston has been suggested 
wh’cli commends itsi'lf at firsi 
sight by its simydieity of con- 
st ’uction — viz., the US(‘ of a 
revolving liner between the 
cyb’iider proyn'r and the y)istun, 
such liner to be geared at its 
lower end to rotate one t.urn 
for each cycle of tw(j revolu- 
tions, and be provided with a 
port which very conveniently 
can be cau8('d to rogistei’ with 
an induction and (‘xhausi yx)rt 
opening during its »-cvolution. 
Now, with a liner there is not 
the difficulty- (experienced in th(‘ 



Fu!. 16Z.— Dawson foni-stroko inotejr 
\Mt,h ivvolvinp; piston. ; 


case of a revolving cylinder or piston; there is, however, the 
^tne objection of excessive friction set up by the high speed" 
^^,;l*(;>taition and the difficulty (d* running for long gas-tight fif. 

to avoid this objection, it lias been proposed to rotate^ 
1^^4iner between a tixed inne,;* liner and the cylinder prop^% 
an arrangirnent, if properly constructed, being capable of 
the revolving liner from the thrust of the piston. - l|* 
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to gf^vo^obje^Uoii, hj)wever, on the Mcorn of une^|^a^ 
expaufi^on, difficulty of e^cjent bibtication, and iiu'reaHed woi^fe 

-temperature of the motor jnyton, and last, but not lea^t, 
tifie extra cost. ^ »Tlie varioun aH|K‘cts Jiy pr(\sented by a mbtot 
constructed on thes^e Hoes cannot be definibdy foreshadowed, 
aiid^a practical trial will consequently be awaited witlipinte^ast" 
by VI those having experience of the unforeseeij ditHcUities 
tliat often result from the behaviour of untried 'jiiechanical 
combinations 

In order to reduce snrt’aee velocity of a distributing; liner 
. v^lve to a practical limit, a motor lias been designed by the 
author, as illustrated in diagrammatic section, Hg lt)3, in which 
a revolving liner is caused lo rotiil*' onc(' for four revolu- 
tions of the motor shaft, for which purposi' the liner is provided 
with two port openings located (qiposile oiu' another. On the 
liner being rotated these communicate alternately at each half 
turn of the liner with port openings, arranged on opposite sides 
of the motor C3dinder for the induction of explosiN c mixture and 
exhaust of the products of combustion. 

In* this revolving liner- valve motor the admission and ex- 
haust openings, n and ,c, are not placed tjuite opposite to one 
‘another, but at such an angle that one port, /', in the revolving 
liner, r, will commenci^ to register with the induction opening, h, 
coincident with, or immediately after, the closing to the exhaust 
♦outlet, X, of the opposite port, /*. 1die width of the ports is 
such as to cause one of each pair to register with one another 
for a period of about 20(r of one revolution of the motor shaft 
so as to keep down internal resistance at high speeds to a 
negligible quantity. 

In one of tlie plan figures the liner valve is shown in positioni’ 
.with the motor piston,/), at the end of the exhaust stroke, aifd- 
bn position for the commencement of the firing stroke in 
othet view — ).c., sejiarated by one-quarter of a turn of the 
the.Mliner rotating one-oighl/h of a turn for each stroke of 
piston. The< advantage of a revolving liner distribti^ij^;^;; 
that at whatever varying speeds of the motor shaft, the 
4h^ opening and closing to both admission and 
hAmains constant, and in consequence is always maintai^S4»J» 
yWt step with the motor piston. Spring packing 
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ttighimesa 18 eff(.‘cted by rocosyiiig^a ke^* ^i tti^^ cflin^Aer 

of eacli jxirt as sbowii UiV|Iiner itiKilf tas n^ fltjgfS* 
and ia made as thin ..s practicable in order to 
weagbt and kee}> down the siiri'ace teiiiperaJur(»? next the pi8t<^j^; 
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• jiorfod liner. 

bow -shape spring Ik inserted behind each key. -Lubrica-j 
p>|3iin''ds otiected by a helical gi-oo\e cut on the cylinder 

JM«r, the groove liaving a series of holes perforated siiaM 
by which means oil from the piston is carried up ixjA 
along the full lengthy of the liner, which is 
geariilg at its lower end . a series of liners 
^tf^^|ef-«ylinder motor can be actuated by one lay 
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«roSl^ig at’ ^amejs^eed i^s tlie motor sTiaft. In orde)rVt0':* 
roduc^stirface fi^iction ayd prevent grooving the liner i» cati^i 
<to move endways to a slight-degree liy the bearing shoe, h, aW 
fiauge, kfi 

Eevolving Sleeye Valves. —In cylinder liner valve moto^^ 
the^elimination of cam- and spring-actuati'd j>op})ets isV)btaiped 
at ti'i^ expense of a cylindrical valve extending froi'n end to end , 
of the motor cylinder, ^and is, o|)en lo the objectioiv df leceiving 
^ the angular thrust of the working piston, besides having to 
be actuated frcfm a gear drive enclostid within tlie , crank 
chamber, thus entailing the dismantling of the entire motor 
in order to remove the valve. In the modilied distiibution 
illustrated by figs. 1(14 and l()4\ this objection does not exist, as 
the sleeve valve is limited in length to the combustion chamber . 
it is therefore independent of tlu* motor piston, the drive, 
moreover, is located within an accessible and easily removable 
casing on the cylinder head. Heferring to the; Wo sectional 
elevations and half plan illustrating this cylinder'heatl revolv- 
ing valve: the ported sleeve, /\ is seen arranged between the 
water^jacketed extension of the cylinder, c, and a water-cooled 
cover enclosing the combustion chain bei', h, formed with two 
’ portways, t, opposite two pairs of intake and exhaust openings, 
n and x, in the motor cylinder. Tlu' n'.volving sleeve, v, is 
provided witli foui- e(juidistant ports, r, two of whicli at each 
“quarter turn of the valve communicate simultaneously, first with 
the two exhaust outlets, x, and immediately following with the 
two intake openings, n ; thus the sleeve re\’olves at a speed . 
of one-eighth that of the motor shaft, or, in other words^ at 
a peripheral or surface velocity of approximately 4 ft, per ' 
second in a motor having a 4-in. diam. cylinder and running : 
at a speed of 2000 revs, per minute. The increased gas^’V^ay.i; 
afforded by the double intake and exhaust is a very important'* 
feature, and renders quite feasible even liighcr piston Spee3^'; 

' than are now considered practicable. . ^ ^ 

The sleere is extended upwards to carry the gear ring, ijr' l 
which meshes with the worm drive, r, both being enclos^ :! 
and gas-tight within the casing, h\ through this, Tvater-in 
space, k circulates from the outer to the innlr jacketsi 
ways, IV, thus avoiding pipe connections. The inney coy^;^l!|;* 



sectional elevation and jdaii ot cylinder liead ol lii^Mi-Hpe^d petsrdi 
' mdtrtr vritli double int.aUe and exhaust controlled by a slu’aly revolving 
valve— Rntl 01. < 



^ARBtjftKTTOM, V.aBORLHKIJS, 

«’ \^\'v . ' < I,’ 

secy:^i^ly h^^ldVrlf)^!! t^^ 'the le|:l^{', y. formiug ihert^on a ga&-ti^k^ 
joint ;^, the uud^r ed^e fhl »i)ie \itil\(* also 1‘orms a ^asi-tight ' ilt 
tha^t- effectually pivu'-nts loatia^f IVoin tlt<‘ (‘.onihustioii clianibejc 
^\>p the outnide of the valve, tmd escape to tie* casing, //, in pte- 
vented by the metallic packinj^ i-ing, /. The sleeve is macle 



Ffrt. 164a.— CioRB-Sfctioii of oylindoi liojid with donhU- inUilve mid I'xlmuat 
cojitrolled fiy a slowly rovolvmg sicove miIvc, 


jas-tight around th(‘ inner peripliery by keys, e, held up 
ikeve by springs and })y gas pressure, and is effectually 
sated as welb as the enclosed gearing by an oil-feed at 
gniter, z, is in the centre of the combustion cliainber, anTd^ffc 
)OrtwayH, /, which ai-e of the shortest possilde length, coinixmnf- 
!&te with gas- way openings equal in area td’ nearly 
hat of the piKston . the inlet and outlet velocity of *the 
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4odS‘l>ot therefore exceed <S{) ft. per iefond .with the i|ijthfi 
rvUiiiilig at a })iston speed of ]()Q() tt* 4 )e^’ uiiiiute. 

Oscillating* and Combined Revolving and Reciprocating* 
liihOr Valves. — Osejllatini;- or part rotary and part reciprocatin|j| 
C3^^J^de^ liner valves have been tri<'d. as iKj very considerable 
$!icc^ss Itas been obtained with any of the s(?veral revol\*lng 
liner valve ftiotors that liave been made, paAly foft^ tlie, rea;j65ns 
stated and ^artfy be(taiise of immature design, Imt mostly on 
account of (dlher leakage })ast the packing rings, or wear and 
difficulty of holding these securely 4n positioti while passing 
the port openings ; also scoring ot the cylindei’ due to pressure 
on the keys, heat and insufficient lubrication e.g., in the dis* . 
tribution used in th(‘ Argyle motor cars, the great advantage 
consists in the movement upwards ol‘ a c^dinder liner ^luring 
thC' compression and power strokes, thus carrying the liner port 
Up past a circular packing ring, and in this manner effectually 
preventing loss of ju'essure through leakage to the inlet and 
outlet cylinder openings. However, to obtain this advantage 
with an oseil'aiing ino\ement the port in the liner must be of 
itvcgulai' shai)e, wliidi in turn necessitates a deeply retessed 
fyiiuder head, thus adding lo the dilHcuUy of conveniently 
placing the igniter, d'o allevjate these and other faults associ- 
ated with a simple rotary or oscillating movement the writer 
has designed a motor, tig. J()5, in which a single liner having 
a cpmbinod rotai y and reciprocating motion is used ; thus a 
port, t, of normal shape and depth is moved up behind a pack- 
ing ring, r, of considerable width during the whole of the> 
pressure period of the cychc 'I’he liner, c, is rotated by A 
akew wheel, p, glaring with another on the half-speed shaft, /t. 
J^e bottom end of the liner is ^thicker than the pari extending 
past the heat zone, and is splined to allow of a free sliding 
4v within the driving ring. Reciprocating motion is’ deriv^ 
a rocker bar, r, linked to a strap, p, bolted around a 
g^rbSire on the bottom of the liner, the rocker bar is connected 
half-speed shaft by an eccentric drive, r. *111 the pa^ 
^^Itoal plan the port, b is shown midway between exhaust ai^ 
— i.e., with crank at t^'p centre; in this position th|i 
|^;iskowii in dotted lines, t\ is down to the level of the in|3^ 
port zone; but during the period of higliest preSSlire 
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" — i.f„ witli the crank again on top cest^e, tlip i^brt is .e^tirelj^ 
, c<^Vered l)y the broad packing rii^g.^r, inserted in tl^ Sxed 
piston extension of tlie cylinder cover; thus its action is quitit 
normal, as in ordinary piston valve practice, and leakage paj^ 
yie packing ring and round to either port if^ojitirely preventeS. 

.Rectprocating Cylinder, Piston, and Liher Valves.^ As 
.already exyl^aiimd, Hat slide valves are not suitable for inht^fnal 
couibuslioif logiiies tlu^se causes, altbongh mitigated to some 
extent, also ajjjjly to piston valves, and, as it is impossible to dis- 
tribuW both admission and exhaust l^' one valve unless operated 
by a large earn gear, piston valves havi* not made much head- 
way, ainl ill practice in order to obtain a siuootli working drive, 
either from eranks or eccentries, two valves are found necessary.^ 
One of the most praetieal designs is shown in tig. IbG. In tliis 
connection it must, be understood that no design in which the 
packing rings are (exposed to cylinder pressure can be a success, 
Beferring to the (‘xample illustrated, which represents an 
ordinary high-speed four-stroke engine, there aie two auxiliary 
pistons, N T each eoniiected through an ecceiiti ic to a hajf- 
S|>( ed shaft. TIte | >w^er piston is showni at the end •of its 
working strokt , a,nd tlu' auxiliary piston, 1’, to be uncovering 
a beB of iioris kaiding to the exhaust outlet, X, At the end of’ 
the exhaust strokes the eccentric will have moved into the 
position L from K, and he about to close the, exhaust, and 
during the admission, compression, and explosion strokes thei 
exhaust piston eccentric wdll move round from to K, and so, 
be ill the ])ositi()n for again releasing the exhaust. The ad- 
. niission piston, X, is now at L, and during the admission stroke 
will mo\T from 1) to M x\n engim^ constructed in this munner, 
4lthough not so simple nor cheajily made as an ordinary caip** 
,l.ppened spring- closed poppet valve motor, has some features in 
its favour — viz., an absolutely detinite timing of the valve move- 
; nientS with (jiiiet action at ari}- speed ; to wdiich may be said 
' .lurtherf that with this distribution a certain degree of additional 
t^^xpansion is obtained which can he taken advantage of in th^ 
i^^ijdnstructioTi of an engine with auxiliary pivstons of a larg^ 

' diameter, so constituting, as it^were, a compound engine. Oh: 

Examples of tliie sevtM'al metliuds of applying tins principk* are gi'apVl*' 

onfcliHerl in Internal domhustwn blnijiue Design and Practice. [ 
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thiK dfsign^i will 1^ noted tliai the auxiliary piaion,, 

' T, mov^p outwa^jd from »EV«"> K, during the power stroke, Axid 



•I'le. 166 - — OroRS-anctmii of (ylmdri of foui-Htiokf \('il.i(;al engine vvitii pi»toa 
vdlvL-s foi ailHiiKsioii and oxliaiisl. 

with an auxi-liary piston of twice the area of the power pisftcfe 
Iff an additional exjfansion to the charge can he obtained of 
'' * 50 per cent. ; ^ ^ 

In tie use of piston valves, once connuoiAy used iii tts^if 
.^roke gas engines, for controlling tlie ti-ansferiuice of the ohat^ 
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from* the charging pump to the „powei* tl^linder, arid to j time* 
eOmmunication bet^veen the (syinbusiio^i chamlier and i^^nition 
tube, the valves ^\ere actuated dtrect froyt the crank shaft, ^ 
and served their purpose wtdl. A single, val^e of this kindf 
Imivever, c^unnoi: he used to control botli the admission and 
exhaOst Tu a foui -stroke engine, as will l)e obvious upon an In- 
spection of tfiis pto])lem, tlie time iubu’val.s betweep the pei^ds 
of admissiuTi tand exiiaust being <oo c1oh<‘ to allow sufficient 
movement of t[»e \ alve Also it is not feasible in practice to , 
traverse ji piston valve titled with rnigs acn-osi? [)ortways open 
to the pressure of the explosions the etlect being to close in the 
rings, cause leakage, and sooner or Inter cause fracture. 

In the Knight four-stioke automobile motor, illustrated by 
the diagramiuatie section Hg. Ib7, a similar etiect to that above 
l|escribrd is ohiaimd Ity^ the use of a pair of ported liners 
arranged to slide Kd-ween (lie motor cylinder and its piston, two 
liners being used, ])ai'tly for the reast)n above stated and partly 
to obtain a sharper cut off than is possible with a single liner. 
Roi ‘Wring to the section dlustrating this interesting distribution, 
wbieli has been talouj up with considerable (Uiterpris^ and 
success by the banuler (’omj)a]iv. it will l>e seen tliai the power 
piston, r, is of (udinary construetion, and drives on to a crank 
shaft, ]\1. ?)etv\ ecu the piston and cylinder proper are two thin 
reciprocating liners, K \', forming an accurately ground sliding ^ 
fit between one another and tlu' cylinder and piston. A sli<iing ^ 
motion of about (uie-fourH) the cylinder diameter is communi- 
cated to each of the.st‘< ported liners by rods working on to half- 
Speed lay shafts, 1^, the i*e.'''pcctive position of the liners being 
indicated with the pistoii at the end of the exhaust strokfe or 
commencement of the induction stroke. In explanation of this 


movement, it will be seen that the exhaust to‘ T is cut offi by 
of the upward movement of the slide.Ab within the down- 
^jEfcrd moving slide, K, the inlet port in V. on the otlierside, at 
moment is seen to he on tlie point of o])e,ning to the port, N;- 
supply of explosive mixture. The relative positions pf 
fe ii^o liners witli the two ports, N T, wlien the piston has com*", 
j^i^d its induction stroke — /.c., after the crank has moved round;! 


lO® or b 6 ^ist the bottom dead -centre, are as follows h ■ 
Mneri now i^ioving in the up\^ard direction, hut one faster 
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bhaa^tlie otheV, bo tii^vblie pj^)rt openings will 1 )C closed to the 
Kylindft'r; duriiif; comprc!bBWn otVtlie cluir^o ilit' liners still con- 



Kic.s 107. — Diajfiaiiimalic sfccti(;ii wf Kiii^ht tour stiokc valvtiUhs motor 
with jmrted slidiii” (•.yliiider liiiois. 


dime to 1110*^0 up, the ports in the inner liner gettin^^ behxtid ^ 
racking riu^^ in the piston cover, K, for tlie cotnnie of 
.he working- stroke , the relative positions of the liners wh^jr 
die crank has advanced to within 15 %f the tnj ti};>lt!tion of thci‘ 
A’orking stroke will he sucli that the two poi(,\-c o^^' 




tlEOIPROCATINGl UNER VALVES. 


275 

will tiommenco io re^inicr wij,h one anotlifr ari^ tf) the outlet at 
T, find remain open during- tllfe I’xfijwihtwtroke. ^ ^ 

The inner !iner is abot; one-qi>arter of an inch in thickHesN 
and the outer al)out, tliree-sixteenths, nei^iei J)eing providecj 
\^i^h ‘packing rii^gs, gas-iightness around t^iu inlet and outlet 
porr^H. iol' a portion of the stioke, lieing ensurecf by a most cltre- 
./ally ground and accurai.e lit one within the (^Ihor. ^The woHUiig 
piston, r. is^j^uvided with rings injlhe ordinary way, as also the 
fixed pislon. K. the removal of whi(di eenders access to the com- 
bustion (dia.nber t|nite an easy matt^-r X.Bp—Aii important 
function is seryed by the packing ring in the fixed piston, as 
during the greaier part of the pressu]-(‘ peiiod tlu' liner ports 
are cut-oth from the inlet and outlet ports, N T, so being both 
either covered or alxtve t in* Jing, K, joid leakage from the com- 
bustion cbambei to either the admission or exliausi opening 
otfectually prH\ ented. 

The rno'^it notable advantages tiiat may be deri\ed from a 
motor in wbieli all lift valves are eliminatcfl aic the absence of 
Valve pockeis and tin* possibility of higlier speeds with more 
sik ut action In regard to tlie area of port op(*ning obtainable 
in this niannei, it may be stated tbal the width of the port 
openings in a cyliiKh*r of -t in. diann'ter, in order to provide an 
area of gas-way eipial to one-seventh of tlie piston area, must }>e 
0’4-in. with a length of port equalling one-third the circumfer- 
ence of the cylinder A favourabli* feature of this, as with all 
liticr or sleeve valve distributions, is the shortness and direct- 
ness of the port ways. 

It is only natural Ihat loilovving tin* ratln‘r unexpected 
success of the Kuiglit cyliiider limn- distribution, ilien* sboiiid be 
a number of aitemjits to obtain a similar result wi^h a single 
' liper; but in practici* the saim* ilifficulty pi-escuts itself as in 
tlie application <d piston valves \ iz..Un* impossibility of obtain- 
ing this with a regular crauk-driveu movement: cither the liner, 
■wa^st have a motion compounded of a rotary and reciprocating 
tnovemenfc, as sliown in tig. lOo; or an oscillatoi’^f movement, 
as used in the Argyh^ motors, or again, have a motion derived 
.partly from a crank or eccentric on a half-speed shaft, and 
V|)^rtly through {i#syst(‘m of links enniu cling tin* drive to the 
),"]^Wer pkton connectiiig-rod 01 - to the piston dir(‘ct. Then 
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i»gaii\ even ^hen 8 ()^,o^ 5 erat^d ii is found that the resultant 
notioi^ is not % regular one, afid is influenced to a tv^ateiaal 
legt'ee by error of alignment, and (^spt'cially by lost motion in 
tie connecting pivots ; th.* wljole pro))ieTri of single-liner adrais- 
}ion and exhausij ^rontrol is a partic.ulavly interesting one,^ki 
ieinonstration of wliich a. complete ehapto has been dev4)t6d 
X)\Vis Hubje^^t in ///-/eran-/ khi hug Inc Dcsttpi 

Pmctic(\ the problei»t^ presvntine so many lact^)i*s ^for con- 
uderation. r 

Reciprocatirfg Sleeve ‘Valves. I’liere is, liowever, another 
way of tackling this problem ol how to inipn)\e on the ordinary 
clack-valv(s distrilaition, and this is to either use a- cam-operated 
sleeve in the head of the cylinder, or two segments, each sepa- 
rately operated. In solving the [iroblem according to tliis methodj 
the shorter and HghU'r the aleevt* the better, as it is unavoidably^ 
dependent on spring action ior the return movement^ and must 
keep step at high spe(‘dH. (,)nc of tin; most practical distribution 
methods on this principh^ is that known as the Howard sleeve or 
cuff valve, illustrated in figs. IBS a7id HibA. In this the valve,, r, 
free to expand lik(‘ a j)a<*king ring, is contained within the 
cylinder head, (. in which are cast two pairs of ports. .r and 
iS s , along two /.ones, d'hc valve during the comprossion and 
power strokes covers these ports absolutely gas-tight, as it is 
cjuite free to expand, and is then held tight up to its circulai 
seat by gas pr(;ssure . but the. valve is motionless during thh 
period, which is an important considiTation Towards the end 
of the power stroke tlie cam, h\ i-ocks the double lever, I, thereby 
depressing the. crosshead, h. and the valve through rods, (Id 
unti> the two ports, .r .»■' ( which extend as shown in the pkj 
section for ijuite three- fourths of the circumference of 
cylinder), are fully otiened. Near the end of the pistons up 
stroke th(* salve is tben moved u]) until, tirst closing theexliAU^ 
it opems ihe lower pair of admission jiorts, s s'. The spring, 
is in length about six times the necessary motion, has a 
sion of aboftt 50 lbs., which is suflicient to keep the roller ^ 
down to the double cam at the highe.st speeds and without 
slightest clattei' iwcn at over ’2000 revs, per minute. The wiAfi 
of the ports in a 4-in. diam. engine is 0*2H in., tke total moveiA0!j 
of the .sleev (5 is therefore twice this, plus overlap — u’., 0^5 in. J 
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ts the weight of .sleevn^ and opt«-atui^* |ear has been rtjdmcea’ 
to*a line limit, its workinijj is tiir^/rtsinj^ly Hinrt>th. N.lk — The 



&jSittg thus atfovded is pracUcally one-fifth llie area of if 
i&Oflp piston and^ equal to a poppet 2*25-in. diam. x 0‘3-iu. lift 
?p^-ttvl^der-head recinrocatiiiP- sleeve valve can be in halvi 



i^8 CARBURETTORS, VAPORISERS, AND EISTRTBTTTINO VALVEB; 


' i 

* juMV' As rt (‘ylincTer \alv«* (“Uj, ninl t'fioh. 0])eraie<l 

tlius^eilurin^’ tlio iM/(‘ssarv motion Imt not Imlvfn^' 



Fin. IOHa, Flan view^^ f>l fniir-Ryliiider nmtoi fitt<-d witli the Howard 

sl(‘fO 0 viilvo. 


it, as the ports in place of having a length eijual to three 
fourths or more of tht‘ cylinder circumference must be limits 
to less than one-half, tiie ])orts must therefore be one^thir 
wider. However, any reduction m the moti<l\j of a ^vftlve m 
pendeut on spring action must be accredited as a factor to 



RECIPUpCATINO SLEEVE-^ VALVES. 

good. Following on tho.se linos, yie Ooof^r C3*)in•lol■-hpad•s^I>H^■^ 
aipove valve lias been rb-slgnedi, tiui, illustrated in fig. 169, con* 
swfcs of a split Hanged sieevi'. s^\ fitting ^liel ween * he pififcoif 
proj^iction, Jl of the cylinder hend and an eidjiirged extens^^i 



upwards of the cylinder, c. Fach .sleeve seginent is separately 
:*operated through rods, d d\ from a half-speed cam shaft below, 
^he action is (|uite simple : for instance, with the piston on top, 
a« shown with charge compre8.Hed, the valve is in its lowest 
^JSition with ports, f f', hehiiyl the jacketed extension of t^ 
^^X.ed piston, h. « During the exhaust sirokc the segment s' wilD 
until the port t places port g' into communication wii^' 



2^^ CARBURETTORS, VAPORISERS, AND r^ISTRIBUTINO VAtVS^i;: 

, i . ■ ^ . 

and is ilitVi* ((aick|y lowered attain to the position 
shown. Tininedpitely fo(lowin^r,t,hiH, ilio otluM- se^oiient will 
l>e Raised for / to he open to (j and o, and tlieii l>e as (juickly 
^h^Vit. Narrow p’aeking rines are sprung into ^o'ooves on* th^j 
fixed piston, concercino- whieli the two ahoNe and below t^e 



Flo. 17(^.— OrosB-sectional olovaiioii of c^lindor, .showuij.; thu Sfcmiloy 
slide \*lvc .irrati'jed uilli ovorfiotid ojieiafiTig goar 

ports, ryf/, are not suUiciently shielded, and certainly do 
appear capable of maintaining a gas-tight tit between the iftiride:' 
and outside ports, but this is a detail that (‘an be recjtitied ; i 
actuating rodn are held in sulhcicnt tension by springs to 
tlie rollers at the bottom end in continuous contact with t;h#1 
operating cams when running at high fipeeds. 

The most thorouglily well-thought-out design of 
Jiefiwl slide valve is undoubtedly the Stanley, shown in^%. 



‘ BECiP]%OCATING SIJPEVK VALVES.’ 

* • 

In this distribution every part in ^elf,-c<1iiJaine4 with the (^lindei* 
Wad and enclosed , there arc wio p8pi*-ktw/:»’ ring|^ pc»(.piredf and the 
jnoving parts are ns light as can Ue. d'he (instruction is obviotfe 
and explanatinii unnecessary, iurlher than to'ttiention that J)lie 
segments, >; i\ are purposely shown in full l)pen and closed jaosi- 
ticAs for clearness , the stems, .v -k', are carrie^l by eccentric bighes^ 
c c\ to enable any slight (u*ror in alignment to corrector and 
to compens!|(je for wear 

The segme^its do not recjuire any ^jacking, as during the whol^< 
pressure period they ar(‘ hel<l gas-tight up t()*a ground-in htted 
shoulder. There are no porlAvays through th(‘ segments, and for 
this reason these have been reduced to a length just sufficient 
to wear well , and, needless to add, their weight, including sterns 
and rockers, is not materially greater than a pair of poppets; 
while the segments have the great advantag(^ of opening a free 
and anobstructed gas-way, and furthermore, of opposing no gas- 
pressure resistane(‘ to tln^ operating gears, whiedi is the cause of 
most of the wear on the cams of all unbalanced exhaust-lift 
^ \alves. 




Actuating for admission and i 

pxhaust, 205-209, 234 -285, 270-272, 
277-280. 1 

Admission and oxltan^), jnsion oon- 
troll(>d,219 229. 

Admission and p\liaust valves, 180-191 

annulai, 289-244 

(■oncentnc,244 254. 

motors, 230 281 

— osfillul in;,', 2<i9 

270. 

poj.iiol, 230-239. 

( 278. ^ 

f lovolviii;' cvlindoi 

and piston, 259 203 

- linel, 203-201) 

pluii,212 219, 

255-259 

— . — — slem c, 2i)li - 

268. 

* - roUn, 210 219 

^Admissikm valves. 192-193 

autornalio, 234-242. 

jiart automatic, 235, 

Aero motor, valve foi, 253 
— — motors, carbnu'ttoi l<»i, 5, 71 
Ailsa-Cri^lfi injection oil en;»ine. 1150 1^(52 
t Air-blast injectiop oil eiii'iiics, IG) 17G, 

— - column, weiglit of, 79. 

— ~ filter, necessity for pi road cars, 7. 

. — practical design foi, ,54-55 

gas, 11 

jet, veloiitv ot, in cailmretti»i 

nozzle, *27,' 

— — piTiportion of, in carburettor, 1 1, 
Alcohol as a niotoi^spint, 3 
— — motors, carburetion in, .{9-40. 

*r Allen-Barkor paraffin vaporisei, 107 
t Alpha injection oil engine, 139. 

American- Diesel injection oil engine, 170. 
t , Areas of valves, 201-202 
i Argylc oscillating Imei valve. ‘209, *275. 

. -r—, carburettor, 17. 


As])baltnin senes of crude ])eti'oleiirn, 

87 

Atkinson lotaiy vahe, 212. 

Atomisers tci j'aiallin vaporisers, 87 

13*2. 

foinjuessed-an , 289-290, 

— — - — induction iced, 91-99, 

107 ni), 118 119 

_____ pump-feed, 91 -114, 120- 

12:: 130 131. 

— sniltiiig-feed, 124-129 

- foi peliol cai buietlors, 13-83 

eoni[)icsscd-aii, 13, 

gravitation feed, 18 

indnelion jot, 23 -83. 

- pressure feed, 83 

— pump, i:!-18, 

— __ toi resulnal oils, 138- 179. 

— air-blast feed, 105- 

170 

— induct, ion feed, 148- 

J53, 177-179 

— __ — pie.ssurc-feed, 137- 

138, 143 1.58. 

. — two stroke* engines, 

153-1(54 

Autnear, 77o’, (juolation fiom, 24. 
Automatic admission valves, 234-242. 

valve, juiii-vibrating,234-286. 

udiustmeiit of ait and petrol, 41- 

83. 

— air and p) tml control, in carburet- 
tors, 53 58 

• - - air compensator tor carburettors, 6* 

- - an regulation, lu carburettors, 6, 
25-, 30, 32 39, 41 Cl. 

cxbaust pop])et, 239. 

— igniteis for oil engines, 118, 123, 

127, 172, 147-148. 

induction-jet carburettors, 28-83, • 

poppet valves, 237-242. 

non- vibrating, 234-286. 

Automobile, jietrol. Imstdesign exhibited, 
10. . 
made in EnglAVd, 86. ^ 
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AutoiiiobiUs, using jiaiaffin in, 0ft-97. 

— i—Awam for using jiaraffin in, 106. 

curburflt.tors for, ‘25-8.'5. * 

Auxiliary gas mixer for rarburfitori, 84 

Hailey caiburel.tou i;i. 
iJalahced action pojijH't val\(">, 187-101, 
198-2f4. ■ 

lol-ry valves, 212 2r.», 260- 

259. 

Banqua'.d cuk'l 'iiettoi, 51. 

Ikrkei lkme-%%aust heati‘<] vajimisei, 

107. \ 

Bariie.s vapai .-te*! vaporiser, 109. 
Beardmoie inieetion vaporisei, 157. 
Hcau-dC'EyobaH, initiatoi ol (nunpiessiKii, 

164. 

Benzeiio scrn s ol petioleiini, 2 
Bella ny pistoii-contiolled idmissioii and 
exlianat, 221 

Bergsunds injocUon \ai»oriSfi, 162 
Biliks eaiburettoi, 

BlaokRtMie tlaiiie- heated vaj)onser, 104 

inducti<»n sapour-leed vaponsei, 

114-116. 

residual oil \,‘piiiisiiig syslein, 172- 

174 . 

iilow-Uanie ouuk.ih^ i)8, 100, 102- H»4, 
107, IIH 119. 124-126. 128 illl, 156 

165. 

boliuders oil eii^.ut , 159 160. 

Boulton, mitutni ol coinpre'^sH»n,^16 l. 
Boutevillc comluiiatioii \al\e, 197 
PriUnma vapoui-ieed paiaflin engine, 
115. 

Blitiih injection oil engines, ni.ikcs <>1, 
144, W. 

petrol pai'allin engines, makes of, 95 

Brons compression vaporising system, 
177-179. 

Brooke cai'buit ttor, o5, 

" Biwn- Barlow cavhuiottor, 43. 

Brown & May, leleience to, 108. 

Butler admission and oxliaust rotavy 
valves, 212-219 

for moloi car, 

cylinders, 21<i-2l7, 2;'8. 

walei - eooled, 

S15-218. 

combined admission iiml exhaust 

nopTKst valves, 19.5-199 
- ■■■ — - double- 

, ^ seated, 199. ^ ^ 

' cooled, 398. j 

dot^le-BeatotraduiiBHioii valve, 243 . 
.w-i ^gHattstdieatod vaporiser, 91-99. 


Butlei* fv'hauR^heated' \apoils|r, fitf- 
^ , m(4oi-boat, 98 ^ 

.... 0 — foi oil# and gas 

• <mgine, 93. 

. — * 1 ^ for self-starting, 

engine, 94. • • “ 

- gascaAireitoi for petrol motors. 84. 
induction-jft carburettoi, 2# 

witli H oat-feed, 27^ 

30- ' . C ^ 

— mixtaro contrdT jmlBator, 16. 

a lefolving liner valve, 265-266. 

—with reciprocating 

^‘tlnll 270 ^ 

sleeie valve, 267-268. 

walet cooled rlouble-.seatcd exliaUHl 
\al VC, 213-214. 

wick caibnreltni, 10. 

CwiiuiiiKJK oil cngiiK' trials (1894), 89 
91, 101, 120. 

( 'ainh ss engines, 210 -229, 25.5-276, 

( Umpiiellllaine-beatedvapoiiaer, 125-1 26 

v.ipi.nsci with automatic Igniter, 127 

Capillaiy tension, cllcct of, in car 
huiettors, 41 

Capitaine flaiuedieated vapori.sei, 126. 
k'uibmetled an engines, first use of, 87. 
Cai buret toi design, trend of, 76. 
(kirburettois, constant level f(€d essentia 
toi, 24 27, 31-32. 

--- by lloat cistern, 28 j 

8.1 

])y other methods 

26, 31. 

diapliiagm Iced, 18. 

double-jet, 59, 67 

- faults of, 17. 

gas, 83- 86 

gravitation -feed, 18-22. 

induction, with automatic air con- 

tiol, 28-30, 32, 34-37, 39, 48, 46-46, 
48-49,59. 

with eoiidmiod air and jet 

control, 54-'r'7. 

with combined mixture and 

air control, 33, 38, 61, 69-73, 

with .supjilementavy airsupply 

42-61. 

jet, cential feed, 33, 59, 66> 72, 6^.- 

— ! jjressure air and fuel-feed, )J82- 

83 . 

variable fuel pressure, 61-8#, 

unclassified, 75 79. 

— — number in use, 76. 

— — patent case, 23-24. 

t-ump-feed, 1,3-18. 

- — - surface, 9-13. 

triple jet, 61, 74. 
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’ ' * I 

0"vrb\w;pttor8, witli iiut'JirjatK; if.ixtiiro 
control* 23 86. 4*1^ 

witli.t itomatic tt’m'tprannfooiitrul, 

■ 

,witb anxiliavv staiU'*^ )^t) ^*<5, 61 

n, 72. “ - 

with compressed-air a 1|| miser, Ri. 

w'th hand control; 31, .13, 38. 

^ twoandtlireejets„'>9,6],67,7 I 

Cart^''hhi.ckHtone flame-healpd vaponser, 

104. 


Costs, niitninf;, under diflei;ent cohdi- 
tioii.s, 140. . ^ 

('(ulmieHui eaily toim of, 81. 
('MMtsofce ami lai oils, jitoniisiiip; ol', 170-r 

171. 

Cl OSS (\V(’Ktiiit;lioiise) vaporising system,. 

144 140. ‘ ' /n- 

('lossley balanced oxliaust valve, 187"’188. 

llame-licatcd laporisci, 100 101. 

inje-otion vapoiisei foi tucl oils, 

110-144 


compressed - aii atonnsingi 

ftyHj.eni, 171-174. 

't'jaae gas engine with m^iry valve, 2 Ip 
^Central- feed earlni ret tors, with aiiimlar 
float, '38, 66. 

_ — Wlili lunged lloat, .‘*0, 

64, 72, 83. 

Change-over from jH'I.rol to paralhn. 91 - 
92, 94. 

from gas to iiatallm, 92 93. 

from petiol 01 g,\s to lesidnal 

oil, 149 -ir>2 

Clarke • Chapman & Co, reteumec to, 

91, 97, 105, 215, 217 

Claudel •Ilolison carburet 1 01 . tilt 70. 
Clayton & Shnttlewortli vapour-feed 
vaporiser, 109, 

[ Clerk piston -con trolled exhaust, 221 
Cookeril ahniiBsion oontiol, 192 
Colin-Scottcarbuiettor, 57. 

Combined admis.sion and evlianst val 
• 198-281. 

— — poppets, for lugli-s])ee(] 

motors, 244 -254. 

5)1- large ])o\\ci.s, 

« 193-202. 

£ — reciprocating valves, 

271-281. 

revolving liner valves, 

269 266. 

— sleeve valves, 266>- 

270. 

— — rotary plug, 210, 219, 

«-269. 

Co^^jj^sed^air injection atomisein, 161- 

..p, — V parritlin atomising system, .‘^9 

92. 

peti’ol atomising system, 13. 

Ootupression, eftect of llirottlmg on, 1 8.3. 
, — increase of, 1^1. 

; -**— vaporisei', wiin induction-feed, 177 

^ m- 

( Oonoentric valveti, 248 249, 251-253 
■Cf«Htt»nt*lovel feed for paralhn, 91 -99, 

^3tpM02, no, 129. ^ 

■''.'’iCojiTOO carburettor, 76-77. 

'Caper’s reciprocating sleeve valve, 279. 


I’lossley-lluHey cai l>nic^,(.or, 20 
(htiwdcii ivvolviug cylii.der valve, 260. 
Cinde ode, e.liaiaetcnslics ol, 87. 

itr residual oil I'afioi isei s, 133 lv9. 

('udell bulb \apimsei, 162 
( In 11 dal v.i] Mini feed, 1 1 1 
(lylnnlei and valve diametejs, table of, 
‘l85 

l)AiMLhi! ('oiijpan^. relcienee to, 275t?'' 

suilaee cai buu'tloi , 10 

Daiiisb make, (‘iigines ol, 139 141, 164 
Darlington K A.S., lofereiice to, 123. 
Dawson i evolving pislon motor, 263. 
i)eusy antoijiatic caiburettoi , 37. 
Deboulcviile combination valve, 196, 
Dee.auville anmilai jot CBi bureltor, 34, 

De Dion central -feed earbnrctlor, 33. 

suiface. c.ailiuict,toi, 12 

Defccth of automatie carlmrettors, 47. 

- _ surlacc caiburettors, 9-11. 

DeMecting-plate, on ]>iHton, form and use 
ol, 221, 224 -225, 

Dcpiession in caiburettors, 6 
Designation “ jietrol,” when first used, 3. 
Detonating ellect, supjiression of, 96. 
Diagonal petiol-paraJlin engine, iviferenoe 
to, 97. 

Diagrams, compression, etc., 183. 
Diameters, table of cyhnderaud valve, 186, 
Diaphragm -feed carburettors, 18, SI. ^ ” 
Diezman carburettor, 59-60. 
Diflcrential'feed carbuiettor, 67-68, , 

piston two-stroke engine, ISO, 

DitHculties of exact carburetion, ]f-l6. 
Dimensions of Ventuii nozzle, 44. 

Dingier water-cooled exhaust valve, IjjfiS. 

gas engine, valve gear in, 297* ^ 

Direct inioction two-stroke engineB, 189* i‘ 
132,153-164. 

Double-acting gas engine, rotary vndltft', 
for, 214-21.5, 218, 

two-stroke engiiiti, 227-228, ' 

admission-oxbaust rcvolvdng"J^le«Vts'''i 

valve, 267-268. ' v 

piston -controlle^l iwlmission a,ad*/^Y 

hanst, 222-228. V '"I 

Double-seated admission valve^^'A^ 
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poubU'Seated lialaiiced ('\liaust 

yalvw, 11^9, 204 

combined .olmis^Dii and cf' 

liauk valvit, 199, 24:') 

Dudbiidge iianie-hcated \a|Miiisfi, ]r)2 
- — vajioiiscr for residual oils, 147 14t<. 
■——.vapour- teed vaimrisoi , 129. 

'Ylunlop yaUu’.fOol('(i exhaust valve, 1.S7. 
Du^ilex onmpressed air atomiser enguie, 

171-174. ^ • 

■ oil injection leversing, IflO 

petrol iT<«:le earlnneltois, 5K 00. 

07-68.* 

ficoNiUMV and stipe) e.u I'Uietioi,. ;s .i'J 
Enclosodcratik-tnaiiiliennief tioni iigim s, 
131, 196 164. 

Enduiaiiee < .uhuieltoj, ijl. 

JUngiiuyr, The, lelVienoe to. It),. 
Engoirnnut Unuri'-, illusti.il lolls lioni, 
211 - 21 / 

Engines with pisl"’. eooiiolie:! .idmi'-Mon 
and exhaust, 21i‘ 229 
E(pu ville eonceuti 1 C \ al \ 1 , 2 18 
Et^ve caiburottor. 13. 

comprcssi d-aii alonusing s\steni, 

39-90, 119. 

Excelsior call ‘ureti 01 , 47 4'"'. 

Exhaust lic..U(l vaponsets, (oi p.nallin, I 
89 -99 

f N) high-speedeiigiiies,y.'). 

— ,oi tcsidual oils, 149 1.^'2 ' 

valves, water-cooleil, 18;'), 204, 

208- 209. 

Expansion of jictrol, 2, 86, 

Externa] vaponsors, 88, 107, 1 19-1 r)2. 

FXuJjTs of earhurettors, 47 
•— of cylinder liner valves, 262 

ofpopjtet valve.s, 185, 219, 23 I 235, 
281. 

— of revolving jhston di.stiibution, 263 
, of taper jdng valves, 258- 259. 

Ffag injeetion at iiiisor, 168 
lidding combined admission and I'x- 
h«nst valves, 193-194, 197 
, , Silter, air, 26-27, 54. 

,.S|aiin€'hoated vaiioriseis, 99 105. 

/ JdAme and conduction heated vapoiiseis, 

I V 109-XU. 

electrically heated vapoiiscrs, 

■ 

and cxhau.st lieatcd vaporisers 

|Sh07'- 

4^'rryr^ ftttd explogioii licatod laporisers, 

J XH, 118,, 12.6, 126, 1‘28. 

'J!'; heating, uaed for starting only, 113, 
tvM&fllft, 120-r.i, 127, 129, 130-148, 


Float #nAerii 9 , ^enftahfeed, patrol,' ^ 

% 69, 64, *72; 83. 

jU— • — varlo^^ forms, 27-^, 82-8S. 

• feed cistern, lirst used, 6. 

Floating plifriger carburettors. 53-58. * 
Font -.s( rake engine witli piston 'v%I\*)a“ 
212, I 

KiaticheUi aloiiiiser system, 176-ii)8. 

— - oil engines, makes of, 14'’ 

Fucl-piimp darburct^or.s, 13-11 

^(ilAi.LAitiiiK 'luMi'KiNs carbui’ettoi’, 71. 
(Jai 'lnei tlamc- heated valorise!', 106-106 
O'li^ < 111(1 Oil Poucr, iTlustrations from 
* 37 - 143 , 161 ^ 168 - 171 , 177. 

(la^ .ind pctio], relative values of, 86. 

cat hniottois, 83-86. 

contiol, 207. 

Gihlioiis inject ion vaponser, 122-123. 

! rrillaid iujcclor, 23. 

1 (lillcsjiy double piston engine, 227. 
(Iillct-Eeliiiifiti cailmrettor, 62-63. 

(Jlobc parallin vajtoriser, 124-125 
Globnlai inicction vajtorisers, 141, 160- 
162. 

(lobroii-Biilhc cup wheel carburettor, 
19 - 20 . 

Gothic oil engine, 118 -119, 224. 
(Jovciiniig, by air pressure gear, 236-237. 

l)y hvc-]>a.ss, 192-227. • 

by cut-out action, 192, 205-206. 

1)^' tii]> action, 201 -208. 

(iiavitation-feed carburettors, 18-22f • 

(Jraiity loaded an regulators, 50-61. 

- -- snifting-feed carburettors, 21. 

specific, of miiieial spirits, 2. 

Griffin })arathn vaporiser, 90, 91-92. • 

Orouvelle oaiburettor, 49 « ^ 

Hai.li£ 1 ' jiarallin \apoiiser, 106, 
Hamilton carburettor, 58. 
nand-conirolled carburettors, 9-22, 31, 
37, 46. 

Hargreave’s injection oreosofi! engine. 
133, 1.54 . 

Hasseiman iiijeclion oil engine, 169-171. 
Heating carburettors, 80. » 

automatic regulation -of, 81. ; 

Hein vaporiser, 144 ' r 

High-pressure solid-ict atomiser's, 13^ 
138, 158, id^. ' ‘ „ 

High-speed motors, valves for, 

Highways LocoinotivI* Act, Repeal 
Holley carburettor, 62-6.5. ' . 

Holtzor carburettor, 68. ' 3 

Hornsby - Akroyd vaporiser, 12(b4Sfl: 

131136. . 

Howard vaporiser, 103. / 

— — reciprocating sloeve valve, 
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IjtwggiijB ft Parker Cavbusucttqr, 4i 
Hiilley ca^/burettoi', 20 ^ ^ 

Huiues-Et^re vaporiser, ^S9 90. 
Hrmphno’s adminsion vulvf*, 2.{6 

'!i)^.aL aarburcttur, 53,, O'/ 
Iden'carburettui, 22. l, 

Index^ adjustmeiita <m CdilMnurois, 17 
«*j»duction carburettor, the first, 5, 25. 

— . — ^Nybutettors with untomaLio o<in 
trol, 23-80 ^ 

with hand contiol, 31, 

— vvith mixed control, 33, 30-38 

aj — -food va])onsei.s, 93-99, 1(>7, HO, 
c* 118-119,119-153. « 

Injoction-fml \a])oiiHfis foi ])<iiallin, 88, 
118-132. 

foi i-Hsldual oils, 133 1 18. 

— foi four-stroke I'uoines, 

134-148. 

I'm t\\o stioke rii^onr^ 

153-164. 

gravity caibuietlors. 20 22 


I Lanchester combination valve, 246. ^ 

1 Larne Haib(»ui to (lrcenook,‘ rion-Btoj) 
H-uin, 97. , * 

liCakageiiipetiol piuiips.jut’vonlioliohlS. 

prevention of, in plug valves, 2.58. 

1 ot, in revolving liner valves 

2.59 

T.enoir caihuietloi , 3 ) ,, 

disc ad II II SSI on valve, 212 

hinel»\alves, levolviiig, 2t).^'/-gi),5,269 270. 

reeipioeatin'g, 209 270. 274- 

275. 

Loconiotivi' Act. lligin\<?(i .s* Kejieal of, 12. 
Luiiguetnaie I'lii huietto. , 37 3S 
Loutse} eoneentru. V alv e, 21.8 249' 

Lut.is douhli! ]tlstoli engine, 223 

,Mai:M()| iiijeeiioii engine, 101 
.Maybaeli eaibnietioi, 21 
Measuiing cup-feeds lor j'.uaHiii, 101 
102, 110 129 

Mechaine.tlly /vns/ns .lutoiiKitieully opei- 
ated valves, 231, 


pump, carburettois, 13-1/. 

fiUcrml (Joiuhastion Eiufuic Jh suja 
Prof'lice, reference to, 224 229, 271, 
Inventions Exhibition (1885), 0, U). 

Itala levolving jdug valve, 159 

OacKETI>U carhuicltois io) aleoliol and 
benzole, ^*39-40. 

lor pelioi, 80 

.^vi^crude oil, lest with, 1 17. 

Jet, annular, f^or carhinettois, 20 .30,34, 
56, 83. 

double and tuple, lor eaibiiiettois, 

, 59-61, 67, 74. 

J " — multiple, for carbiii'etlois .>7-38 
"I— pii^ adiusted, induction earhiirel- 
tors, 45, 48, 54, 59, 64, 72-78. 

single, induction eaibiirettors, 31 

33, 35-36, 39, 43--.53, 63-64, 66, 70, 
77-78. 

Junker dmible-piston engine, 227 
Justice Farwell’s in earbimtlor 

case, 24. 

K«HOaRNK, speoitic gravity and brainls 
of, 87-88. • 

Kingston carburettoi, 50 
Kni^t, J. H., pioneoi ol v.ipoui deed 
vaporisers, 108, 119 
-Daimler double liner valvi-, 273 

276. ‘ 

Kreb carburettoi , 39, 4:’). 
j Krice carburettor, 71-72 

, ;L-HSIA1> form ol e> hiidi i -lieud 222, 2.!4 
'd Lamp-oil, origin of name, s7 
, LaneWter carburettor, 11 


.Melliuish paiathii v.ijioi is<‘i , 118 Hi* 

Mei cedes multijilex admission valve, 242. 
Miel2 & Weiss in]eel lull engine, 131 
Mil lei eaiburettoi, 71 
Mixtuie contiol bv eui out aelion, 14, 
i 19 20 , 22 . 

by inteieiuiuei led llnottles, 

33, 38 09-72 

— l)y pingressive jels, 5!) 61. 74-- 

75, 79. 

by tliroltle, 9 86 

and baud regula- 
tion, 18, 21, 31 

— — and variable ail 

su|)ply, 26 30, 34, 37, 39, 13 . 51, 59. 

53-56 77. 'ti 

petrol, 16 17, 51-58 

and otliei variables, 

77-78, 83. 

supply, ellVcl of w'lie dniwung, 182- 

184. 

Modern motor design, lendeucy in, 182. 
Mdfor Tnirtion, illustrations from, 28lv- 
■249 26.5 -268 

Nai'IEK annular admission valve, 241. 
National injection vaporiser, 123. 
Newcomb carburettor, 55-56. 

Nicholson paralliu vaporiser> 115 
Non- vibrating admission valve, 207-200. 
Norris injection vajioriser, 122. 
Nottingham R A .S , lelbrence to, 89. ■ 
Nozzles, aniiuiai jet* petrol, 16, H 26,- 
28, 30, 34, 48, 54, ll6, 69, 64^^. . 
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Noazles, cylindrical air, 81 , S3, 30, 01 , 74. 
-—T- multiple jet petrol, 17, 20, 37, 38 
.^2/74, 78. t 

— — solid )et ]>etiol, lb, 22, 33- 

’ 85, 36, 89, 43-45, 49, 61-63, 66, 67, 
70, 74, 77 

Nunjbeig oxluiust valve, 207-209 

• 

Of£ 4 :HEi.UAi'sKii (iouldc'piston admisbion 
and eAliauv voiitvol, ii22. 

Oil-eiigmo trials, •K. A S , reteienee to, 
91, 107, 11%123. 

Oil Fnd^la eO . , leleiemr to, 88, 

Oils, paralliii 8j>i»ilic ^lavity ot, 87 
Open tijj’pe balaiu ed exhaust viihe, 189 
OscillatiiJi' linei valves, 269. 

Otto-Deut / balciiiced exhaust ^ iih e, 1 90- 
191. 

Otto oatent, <'.\pir\ of, 227 
Overhead vahe gt-uiv. 187, 2.35, 246 
247, 249-253, 267 268, 277 280. 


1‘AKAF1-’1N imXUUf, Iguituiu of, 88. 

vaponsers, exhaust -healed, advaiit 

ages of, 95-96. 

makes of, 95, 

Ta'ker's revolving (“yhnder vu!\e, 261. 
barsous eoiieentiic adiuissKui exhaust 
valve, 248, 249. 

’ itciits, carbuietloi, i. imhei applied 

for, 76. 

i’axmaii gas engine, valve dispositntii on, 
905. 

bet#ol ]iaralhii onguie.s, 94-96 * 

started lesidual oil engine, 1 49-152 

Fetter injection oil engine, 1.58, 
Pistou-controlled ndniission and exhaust 
219-229. 

distributing valve, IPS*. 

speetl, 182-185. 

— — valves fo’ high-speed inotois, 263- 
272. 

Plymouth, H.A.S., lelereuce lo, 89. 
l^yrhroc carbureM or, 75. 

I^miergas engine, 192, 207. 

PreViRtion of mixture combining with 
■' ' lubrioant, 224-225. 
r"*” — leakage in liner valves. 262, 265, 

' 268. 


- m petrol pumps, 16 


SATHBtrU voitioal gas engine, 207. 

t yfioM carburettoi', 77, * 
ymond disc valve, 211. 
ciprocating liner valve.s, 273 276. 

, -- — piston valves, 271-272. 

y^Jves, 276-281 

!i|PaiIngtori udovissiAi valve, 235-236 
tJwiiiiianLjfKmiBnon pilve, 235. 


I licpca^oij|lligh}yy8*Looomotiva AcJ,Jlir. 
LResithial* oils, vaporising sygLeAlJtor, 

1 V3‘^n8 ^ 

Jttevolving eyliimcr v^alves, 2 .tt»- 26*!./^ 
— liner v#lves, 263-265, W 

piston as vSlve, 263. ^ 

— — sleeve talves, 266- 268. ^ * 

Richardson Ik 'W^estgarth doublij^eting 
gas engine, 208, 4 

Hoiiey-Saurcf vaporiwer, 114, ^ ^ 

Roois-Voaper pwralli* vaporisei, 105. 
Rotary iylindiical valve, 212. 

^ — — distiibuting valves, 210-219, 

^ })hig valves, 213-219, 256-267, 25‘4 

Rotal Agncult<#al Shows, reloreiice to, 
89. 91, 107, 111, 120, 123 
Rundlol injection vapoiisei, 160, 
bustun feed cup bu parutiiii, 116. 

injection vajvonser, 136-138. 

vapour-feed vaporiser, 105. 


‘ Sai kki: paralhn vaporiser, 114. 

Sclioles pre.ssme feed carbuiettor, 77-78, 
Seott Koliinson cuiluireitor, 53-55 
.Seluacli eonibinution valve, 246-247. 
SeniMetmed oils, va|)Oiiaeis loi 183 178, 
Sbeblei eaibureltoi, 48-49. 

.Silverman admission valve, 235 237. 
Simultaneous conliol carburet tois, 53-58 
Sleeve valves, lecipiocatirig, 1^6-2^ 1. 

revolving, 266-268 

Slowly levolving poital hneis, 26.5-268. 
Snath oarhurottoi, 57 # i 

Siiiith-Dudbrulge paialim vaponser, 101- 
102, 127-129 

I . resulual-oil vaporiser, 147-148 

( Smyers vajioriscr, 90, 119 « 

Specialisation in caihurettoi de.smn, 76.^ 
Specific gravity of parallin, 87-88. 

Spiel carhurettoi, 14-15. 

Split sleeve valve, 280-281. 

Spray carburettors, 6, 13-83. 

injection vaporisers, 89-99, 107 

11«, 120-178. « 

Spnits : Oi valves, defr^tb <if, 234 -235. 

' tension, ratio of, 47 

Stanley Cycle Sliowr (1884), 10. 

sleeve valve, 280-281. 

Stewart carburettor, 57 
Sthenos earbuu'tLor, 77-78.. 

Stirling gas engine, 212, 220. 

Storage of motor spint, 2 3, 

Stuait, Akroyd, inieoiou vapoiieer, 120,- 
121,134-135 
S.U. carhurettoi, 55. 

I Supeicarburetiou, 14-15. 

I Suppb iuentary aii supplv, 35-39, 42 ttl 
, Siirl'aee carburettors, 3-4, 9 13. 

I .. objections to, 6. 
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'■JIa'JiX*. of vqJ'ri^aiic? 

'id;' ^ ' 

bu,^b va[)ons<i)‘, ^2()- 12l> 

Exhaust boated va\'K)ii:->or, 148 Mb. 

gas engine, 20ti. 

’'T)>ja{jei double- piston engine, 227. 
T«asda.lc oil engine, 144 
Tee-h^ad combustion cbainl 281: 

' '^hornyctoft carbuiottov, 38, 

Tlir .^^^oylinder compound g.is engine, 21 7 
Timing admission and exli.'uist valves, 
184, 273. 

Treer & Martin carlunctloi . t5i 

^Treeton carburettoi, 9 10 

' Trinity House parafbn, o7 
Trusty paraffin vapoiisei, 108-109 
Twinckler air-blast injf'Ction system 1 07 . 
Two-«ti'oke paraffin engines. 130 
161-163. 

oil engines, makes of, 101 

petrol motoi, double piston 

222^-223. ^ ^ ^ ^ 

226. ' ’ . , 
wUli t niiisfoi valie, 

220 . 

lesidual oil ongmes, ln3-lo4. 

UnBAUANOKO 0\liaus1 \iil\es, l.illlts «)!, 
186,21^1,243. 

Hnelassified carburet ioi'-, 76 83. 

-/A'kVK arratigemenls, 206 209. 2.3u 
286, 263, 270, 272-274, 277 281. 

disposition, lemarks on, 20.') 20(.), 
230-234 

iJalves, motor piston used as. 219 229, 

pllig. taper of, 214, 

— — . poppet, automatic. 23:', 237 23i*, 
241-242. 

— admission, 204-208. 

balanced action, 187-189 

— — combination. 191-199. 

t.concentric, 246-249, 25:b 

. double^’Scatcfl, 190, 1 99-204, 

248. 

^ cxliaust, 186-190, 208-209. 

forbigb-speed motors, 230-264 

,'-vv.- — — Water-cooled, 186-190, 198 
199, 203-205, 209. 

reciprocating, sleoie, liner, etc, 
871^281. 

sloeve, liner, etc. 2oo- 

:35;o. ^ 

'..iiMii.'i rotary balanci'd ]>Iug. ©te., 210 
219,265 258, 


Valves, sizes of, 186, 201-202, 208, 

276. 

Itaporiscrs, compression heated, 

-- - direct injection, 88, 118-149, 

olectncally heated, 106, 173. 

o\bau.st lioatod, 8H -t(9, 149-158. 

llann* lieated, 88, 99-108. , 

.. — _ paraffin, 87 132. 

— — for lesidual oils, 127, 135-138. 3 ‘1- 
162. 

toi two sliolvc .-noiiies, 130-131 

153- 164 

Vnjionshvi 0/ hhjh-Hpe^ 

Mdtors, rcteiciiee to, 95. 

-- -with compressum and air at 'misei’ 
164-176 

Variable a( 1 ion cboke-tubc caiburcttol'S 

60-51. 

picssuie-ieed oavburetloi's, 61-69, 

Veloeitv ol adiiiissioii and e.\hauMt (lov 
Lhiongl. v.i!ves. 182-186, 2G9. 

— of an tlow incaiburetto).Vnozzles,27 
Veiilun .I’v nozzle, first used lot car 
buiettoi 2.0 29 

caibuieftora iMtli. 26, 28 

30, 3t, ;'.6, 49,, 4:', 48-19, 69, 67-77 
88’ 84 

Vergne, De la \iiponsing system, 176 
177 ’ , 

Veiy high -.peed-, valve suitable bn 
266. 

\'irtae'R coiiocntnc \ai)orisci valve, 248 
Vortex aciion atomising, advantage of, 8( 
Vospoi pfiratbn vaporiser, 106. 

Wake c u buiettoi, ()."» 66. 

W atei -cooled exliuust valves, 185 193 
198-204,208-212,214-219 
WatPi spray, feeding to vapoii^? 
engines, 94-96, 99, 127, 129, I8i 
139 142. 148, 150-152, 156,161. 

W att vaporiser, 11 2 113. 

W..ar and cxjiansion of rotary vaJy^ 
213, 215, 257. 

Welali carburetbo, 79. V 

Westgartb, Kiehardson, gas engine, W, 
Westingbouse-Cross nil engine, 
Wetliorbog combination valvd, 250, , - 

vaporising system, 107. 

Wilcox rotary valve, 212. 

Windsor R.A\S., I'clarencc to, 107, 
WirC'drawing, ofi'ects of, 182-185, 

1 Xema carburettor, 44-46. , 

ZiCNiTH carbiirfdtoi, 67 69. 
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